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ABSTRACT

This report describos the current practices and evnluative nspects of
human performance assessment in Air Force Systems, The human performance
test program.; for thirty-four systems qand subsystems representing the major
types of systems (aeronautical, electronic, missile, and space) used by the
Air Force are revicwed. For these systems, the major functional areas covered
include. (1) Air Force policies, dhrectives, requirements, and constraints
concerning the development and assessment of system tests and human per-
formance; (2) the behavioral sciences approach to. and technology for,
assessing human performance; and (3) Air Force practices in assessment of
human performance. Throughout, the systems context, within which human
performance is conceived and evaluated, is emphasized. Consequently, the
techniques within the behavioral sciences for examining human performance
conceptually and empirically in the system test environment is a particularly
practicable part of the report. The report is supported by many useful tables
and charts, excerpts from teat directives partinent to human performance
assessmenz, and approximately 600 cstegorized references.
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PRACTICES IN THE ASSESSMENT OF HUMAN
PERFORMANCE IN AIR FORCE SYSTEMS

I

OVERVIEW, PROCEDURES AND FRAMEWO-RK OF THE REVIEW

A. Overvisw of the Report

1. Objectives

This report was written as an interim review, a progress report, of
findings concerning methods. techniques, and practices for assessing human
performance. It is part of a two-phase research program for the deveiopment
of a technical handbook for measuring and evaluating human performance inL
Air Force systems.

2. Perspective

Human performauce is regarded as an interaction unit, the P. E. A.,
that is, personnel (P) in the syster. environment (E) (which includes other
per-9onrnel, equipment and ambient conditions) carrying out so: ie mission-
oriented activ'iy(A). Systems are defined as organizations of such interactions.
These "P. E. A. " interactions ar- postulated as the fecal units of system and
human performance assessment.

The assessment process is visualized in two or three general steps:
analysis of needs for information concerning human performance, acquisition
of additional, empirical information concerning performance, and evaluation
of the data in terms of the need/use for it. There are needs and uses for
evaluative information continuously during the four life stages of Air Fc-ce
systems. A large body of r-equirements-documents is available to structure
the development and systematic application of this information to system de-
sign, test, and evaluation. A variety of practices are currently used in the
description and evaluation of human performance in the systems of the L, S.
Air Force.

3. Content

This report discusses three major topics: (I) Air Force requirements
concerning the development and assessment of system and human performance,
(2) the methodology and technology of the behavioral sciences for assessing
human performance, and (3) current uses of this technology in Air Force sstemns

as illustrated by a review of available information concerning test programs in
selected systems. Reference and source reports uied in this review are
appended.



4. Limitations

The discussions herein are based upon (1) the perspectives (as
summarized briefly in this section) of the technical handbook for the Zssess-
ment of hunman performance, and (2) reference material made availaole to
us during the study for selected Air Force test activities. This effort,
btrictly speaking, neither evaluates what information is availab]e nor pur-
ports to cover all activities and techniques (used or available for use) in
the assessment of human performance.

The opinions concerning the focus and conceptual aspects of assc36-
ing performance are those of the authors, and do not necessarily report
the thinking of the scientists consulted or the studies rtviewed.

B. Procedures of the Review

1. Sources of Information

Several sources of information were used in this study. These
were:

a. U.S. Air Force requirements-documents concerning the
development and management of man-machine systems.

b. Behavioral scie-ice and systems engineering studies method-
ologically related to man-machine performance assessment.

c. Vest and evaluation planning and test report documents for
selected Air Force sysrams.

d. Cognizant personnel, military and civilian, active in the
management, development, and testing of man-machine
systems and subsystems.

Approximately six hundred documents, studies, and methodological
reports were reviewed during this study. Theae reports varied with
respect to the human performance being investigated, the type of military
system and its stage of development, the approach as well as the disciplines
represented in the investigating tear, and in the goals of the specific
assessment project.

Conferences and discussions were held with ar :roximately sixty mili-
tary and civilian scientists at various Air Force and Contractor locations
engaged in man-machine oystem development and evaluation. These



disubsiorns generally were awuctured toward the information and clari-
lications deemed necessary to reach 4 refined, sophisticated, and yet
practical assessment mneth•odology as well as to survey current pra:tiaerl

In measuring human performance. Our own experiences with systerm and
human performance evaluations influenced the discussion of other scien-
tlst's experiences. During this phase, the conceptual approach of the
technical handbook was examined and iterated, and progressive changes were
made to roflect the state of the art in the assessment of human performance.
The handbook will profit from the information derived during this study:
this repor't anticipates the perspectives and emphasis cf the technical hand-
b ok.

2. Review of Requirements for Assessing Human
Performance in Air Force Systems

The policies and directives of the Air rorce concerning the man-
agement, development, and testing of military systems were reviewed sys-
termatically during this study. The major sourcec and typc-, of such infor-
mation are listed below.

* Air Force Regulations
* Air Force Manuals
* Air Force Specification Bulletins
* Air Force Systems Command Regulations
* Air Force Systems Command Manuals
. Air Force Systems Command Program Management Instractions
. Air Forca Systems Command Division Exhil-its
* Military and Federal Standards
* Military Specifications

In general, documents were reviewec which represent -,,;rent re-
quirements for developing Air Force systems, for developing the personnel
subsystems of those syrtems, for testing Air Force systems, subsystems,
anI equipment, and for testing the personnel subsystemn in particular.

3. Review of Illustratve Methodologies for jssessing Human
Performance in Air Force Systems

W4aving established, by way of the review of requirements doctrnents,

the context for assessing hurnaa performance. -4 search was then made of
techniques illutrative of current technlqut L, and practices ;n the behavioral
sciences and in the development of Air For.e systems, relating to the assess-
ment of human performance.
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a. Rview O BohaVio al ScienCes TeChnolo y

From the methodological viewpoint, the behavioral sciences
offer useful ways of conceiving about man-machine systems, and of col-
lecting empirical information and drawing conclusions about human per-
formance, MWch of this technology has, of course, been brought to bear
on military and other governmental projects. It is likely, however, that
there are new techniques under development and/or old techniques thus
far relatively untried which are of potential use in the assessment of human
performance. And there may be fresh perspectives on the application of the
behavioral sciences to the task of assessing human performance, particularly
in the early stages of system life, that require statement. Az-cordingly,
a systematic review of the behavioral science technology was onducted,
following a mappirg adapted from Barmack ( 3 ). BooY s and pe.iodical
literature, as well as Governmcnt- sponsored research. studies, were sought
within this schema of the fields .nd subfields of the behavioral sciences.
The schema itself is presented in Appendix I. Four major fields, and the ¶
basic and applied research subfields within each, were used t, :,
the survey of the behavioral science literature.

The first major field was named human performance studies
and was broken down into two basic research subfields, namely, individual
performance, and group performance. Some twenty-six topics were allo-
cated between Uiese basic research subfields. Sirn. larly, applied research
corcerning human performance was dividea into two subfields, human engi-
neering, and team-system performance. Eighteen study areas were co~ered
in the latter two subfieids.

Three other r-major research fields were identified as related
to the study objectives. These were personnel research studic s, human
support and maintenance studies, and economic analysis and managen-tnt
activities. Personnel research studies were expected to illugtrate methedIs
for relating system and human performance to individual and group skills,
training and to training curricula, etc. Studies in the field of human support
were expected to illustrate techniques for studying performance as a function
of life support, equipment, she3ter and environmental variables. Finally,
economics, ccnsidered as a bchavioral science, wa.; expected to yield ways
of describing and diagramming human performance and of relating it to the
cost-effectiveness and value of the system.

4



b, Review of Air Force yatema

Thirty-four Air Forre systems and related systems and sub-
systemna 1 were reviewed during this study. These man-machine systems
were selected to provide,

I) Representation of the major types of systems under
development and test b7 Air Force Systems Command.

Z) Repiesentation of current and relatively recent systems
within each type of systemr

3) Overview of pians, tests, analyses, and reports illuj-

trative of techniques for investigating human perform-
ance as a function of interfaces w~th system equipment,
personnel, procedures, and/or environment.

4) Illustration, as far as possible, of test and evaluation
activities during the conceptual, definition, acquisition,
and operational stages of system life.

Table I summarizes 'he types of systems and specific systems
within each type on which informat on was collected during this study. For
the most part, the designation used for a system depended not so much on
the equipment characteristics of the system (since, from this point of view,
some systems would not be different from others) as upon the name of the
di7ision of Air Force Systems Command which has the i esponsibility for
acquiring the system.

C. Conceptual Framework for this Review

The information that was collected in this study and the way in which it
was organized was affected by a priori perspectives on what human perform-
ance means and the development and evaluation of human pcrformance in
Air Force systems. These perspectives are discussed briefly here, together
with the resulting expectations for the methodology of human performrance
assessment.

1. Considerations Concerning Human Performance

Operationally considered, human performance; is the interaction of
system personnel, equipment, envirtnimental coriitions, and procedures.

IN.A.S.A. projects and some subsystems within Air Force system%, were
also reviewed during this study.



j
Table 1, Systerns, Subsystems and Programs

Revie'wvd During This Studya

Type of System, Subsystem, or Programb
__ _ __e Aeronautical Mi__ile Electronic

Gernird B B-47 (1952) WS-315A - Thor 425L (1958 59)
(1962-64) IRBM (1958-59)

B-25 (19!3- 54) 416L (1959-61)
Sat%,llite SM- 66 - Titan I
Control AN/A.PQ-24 ICBM (1958-63) 465L (1960-64)
Facility (19544)
(1964) WS- 107A- I - Atlas 480L (1960)

B-52 (1960-61) ICBM (1959-61)
Apollo 473L (19'11)
(1964-65) B-58 (1960-61) TM-763 - Mace

(1960) 412L (1961-63)
Manned Helicopter
Orbiting Flight Simula- WS- 107C ,- Titan 1I 433L (1962-63)
Laboratory tor (1962) ICBM (1963-64)
(1964-65) 431Li482L

CH--3C Heli- Program 279 (1902-64)
copter (1963) (1963)

416M (1963- 64)
C-141 (1963-64) WS- 133 A, B

Minuteman ICBM 4831. (1963)
F-4C (1964) (1962-65)

466L (1963)
F-5A/B (1964)

496L (1963)
D. O. R. A.

F- 1.1 IA/B
(1965)

alncluding time period of reported human performance studies.

bNames anl. descriptions of these system; are presented in Section IV,

pages 62 through 88.
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Human performance is circumscribed and directed by the mission of the
system. A system is an organization of interactions oriented toward the
accomplishment oi a specified goal or set oi goals.

Studying human performance in systems requires detailed infor-
mation toncerning the interactions among human components (system
personnel), system equipment (e. & , displays, controls, test points),
environmental conditic\is (e.g., ambient lighting, noise, temperature),
and activities (system procedures). 2 The assessment of human perform-
ance involves the comparison of what is known about these various inter-
actions with what is expected or reauired of .the same interactions by the
mission of the system.

Figure I presents a useful oummary or model of the functioning of
the individual humrn component in relating to the system environment.
It also summarizes the aspects of human performance, some, or many of
which, were expected to be under investiga!ion in the s:ystems surveyed
and/or the literature reviewed.

2. Considerations Concerning an Overall Assessment Methodoloy

A generalized assessment process, svchematized in Figure 2, was
used as a frame of reference in surveying and organizing the various activi-
ties involved in the evaluation of human performance. Accordingly, it %as
expected that the assessment of human performance would proceed in th -ee
phases. The first of these phases generally includes the identification of a
specific need for information concerning some aspect of human peri:rmince
and the setting about to acquire the information. The need for informat.on
varies from system to system and from one development stage '.w the nrxt,
but typically it is related to decisions regarding automation, equipn.-nt,
design, etc. What is uLsually required is an estimate of sor,-e aspect oft er
formance, that is, information predicting th. characteristic, of one inter-
action or another .nvolvirg syster, perso-anel. Typically, this rebults in
setting up a formal, empirical situaticu in which the predictions and expec-
tations concerning performance can be examined under specified conditions.
This phase of the assessment process can be expected to include a variety of
techniques and tools for qdescribing and predicting performance, and for
planning or selecting test situations designed tu provide the infLrmation.

2 Human p'rf'rmance may be described functionally is a "PEA" ntcracti-;-,
that is, personnel (P), in an cnvironmient (E), which inclades otlher persvh-
nel, equipment and ambient conditions, carrying out some activity (A).

7
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The second phase. of the hypothesized assessment process includes
the conduct of the tests planned in phase one and the use of assorted tech-
niques for collecting data. These techniques are variations of indirect or
direct human observation. A variety of test situations can be set up to pro-
vide for the observation of human performance e. g., simulations, field
trials. Human observation of human performance is usually structured and
programmed, instrumented by the use of checklists, rating scales, photog-
raphy, rpcorders, etc. This phase also includes the reduction and analysis
of information and the use of descriptive and inferential statistics, expert
judgment, etc.

The preparation of test reports in diverse formats and the use of
the test iiformation occur in the third phase of the hypothesized assessment
pL _•.ýe ss.

3. Considerations Concerning Need for Assessment During
System Development

This study was principally concerned with the deveioping Air Force
system and the needs for and accomplishments in assessing human perform-
ance as the system grows. The generalized system growth process may be
thought to consist of four stages:

• tage One- -requirements determination
Stage Two- -determination oZ design consequences
Stage Three--design and integration of the system
Stage Four--formal test and evaluation prior to

operational use

The process is iterative, a series of approximations in which pre-
dictions concerning human performance are intimately related to various
systems engineering activities and decisions. This perspective, detailed in
Table II, was the context of our inquiry into techniques used by systems and
human factors engineering personnel in cncebing dbout and dealing with
human pertormance during the stage-,, particularly the early ztages, of
system development.

D. Organization of this Repo't

This report is divided into five sc zi ,ns supported by appendix and
reference materials.

Section I introduces the reporý !,--d describes the study per-
spectives, procedures, framewo:.?k and limitations.

i0



Section II contains a summary of Air Force Requirements for
1) managing and developing Air Force Systems, 2) develop-
ing the personnel subsystemns of Air Force Systemns, 3) testing
Air Force Systems, subsystems and equipments, and 4) test-
ing the personnel subsystems.

Section III contains an overview of the scientific literature as
it relates to the assessment of hum;.n performance, and sum-
marizes current perspectives on analytical, data collection.
and evaluative techniques.

Section IV reviews assessment programs and techniques in
selected Air Force systems, most of which information was
secured from SPO and rtontractor personnel and,'or test
documents.

Section V bri fly summarizes and concludes the report, with
emphasis given to th_ý implications of this information for an
overall assessment methodology.

II
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II

REVIEW OF RLUUINEMENTS FOR ASSESSING HUMAN
PERFORMAI1CE IN AIR FORCE SYSTEMS

A. Introduction

Through.Jut system development, numerous decisions are made, as a
matter of cotrse, toncerning the functioning and structure of the system
The process, anticipated in the foregoing section, may be thought of as a
series of successive decisions about organizing the set o.f personnel-environ-
ment-activity interactions called the system.

In order "o get the job done as thoroughly and effectively as possible,
system development is guided by an elaborate set of governnhent dirfcti'res
and requirements documents. These documents contain the policies and
needs of the Air Force and other governmental agencies as well at consen-
sus agreements, between the defense agencies and contractors, concerning
utandards of good management and engineering.

This section overviews and summarizes the major Air Force require-
ment documents that structure (1) the management and development of t0v.
Air Force system; (2) the development of a personnel subsystem within the
over-ell sys';em; (3) the testing and evaluation of the systemn, subsystems,
and various equipments; and (4) the-testing and evaluation of human pcurlorm-
ance in developing systems. Information in this section reflects the weapons
system development policies in effect during the 1964-1965 period and those
wh:tch refer more specifically to human performance assessmnent. This in-
formation provides the context within which evaluations of human perform-
ance in Air Force systems typically take place.

The major requirements of the Air Foice in the above areas are con-
tained in different types of Air Force L.nd military documents including the
following:

Air Force Regulation (AFR)
Air Force Manual (AFM)
Air Fo)rce System Command Regulation (AFSCR)
Air Force System Command Manual (AFSCM)
Air Force System Command Program Management

Instruction (AFSCPMI)
Exhibits originating with Divisions of Air Force

Systems Command (e.g., BSD Exhibits'
Military and Federal Standards
Military Specifications

14



The conttntZ of such documents are represented in the discussions which fol-
low. The aijor references are tabled later in this saction and -re keyed to
artvities of particular relevance to the assessment of human performance.
A representative list of the reference requirtnent docume.ats is included in
Appendix 71.

B. Requirements for Managing and Developing Air Force Systims

Various documents contain the policies of the Air Force for weapons sys-
tem management and development. The principal docaments are Air Force
Regulations 375-1, 375-2, 375-3, and 375-4. An excellent overview of the
Air Force Systems Management Concept is contained in AFR 375-4. Of par-
ticular interest he".e are the phases within which Air Force Systems are
managed and developed. Briefly, there are four phases: Conceptual, Defini-
tion, '-.quisition, and Operational.

The Conceptual Phase is the period extending from the determination of
a broad objective until the Office of the Secretary of Defense (OSD) approval
of the Program Change Proposal (PCP) covering the Definition Phase. If
the Definition Phase does not apply, the Conceptual Phase extends to the is-
suance of the System Program D.rectiwv (SPD).

In the Definition Phase, the technological advances resulting from the
Conceptual Phase are translated into total system design requirements. fhe
SPO/Industry team utilizing the detailed methods and procedures described
in AFR 375-4 and the referenced AFSCM 375-1 and 375-5 manuals completely
and fully investigates all aspects of ewistixig technology, past studies, and
possible future studies to define the requirements outlined in the SOR/OSP/ADO.
The basic objective of this effort is to insure that full-scale develoment is
not started until costs, schedles, and performance objectives have been
carefully identified, evaluated against one another and a high probabi1.iy es-
tablished of successful completion of the Ac,uisition Phase.

The fundamental objective of the Acquisition Phase is to acquire the sys-
tem in such a manner that the Specific Operational Requirement (SCR) or
Specified Advanced Development Objective (ADO) is mot while at the same
time minimizing system cost, time to acquire the system, and maximizing
system effectiveness. The orderly transition af system responsibility and
management responsibility from AFSC to the User Comnmnand and AFLC is
provided for during the overlap of the Acquisition and Operational Phases.

The Operational Phase has b,!*zn established as a logical concluding step
ior the system acquisition cycle. The prime goal of this phase is successfu±
systerm. operation. Secondary goals are adequate system support by the AFLC
an.1 an orderly turnover from AFSC to the User.

These phases, taken together, describe the life cycle of the Air
Force weapons system. More or less involved throughout are the Air Fzrce
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Headquarters USAF, Air Force Systems Command (AFSC), Air Force Lo-
gistics Command (AFLC), Air Training Command (ATC), and the User
cominands (SAC, TAC, etc.).

Figure 3 summarizes the system development phases and major activi-
ties or products of the functions within the phases of eystem life.

C. ReUixe onts for Developing the Personnel Subsystems
in Air Force Systems

The requirements to develop specific products and elemrnnts in support
of the over-all man ma :hine performance of the weapon system are specified
in AFR 30-8. TheLe requirarrents are listed in Appendix 111. In sumnmary,
the Air Force requires that human performance be developed in a sy!3tem-
atic, timely manner coor'dinated with the development .f the svstev.) hardware
and facilities. This usually requires specific attention to human P rformance
as a function of the design of equipment, safety, layout of the we'rx places;
skills, training, number, and organization of the system persnniel; type,
amount, and content of training and trainir- equipment; and operating and
maintenance procedures. The systematic development of these system elements
requires detailed description of the interactions of system personnel with the
system environment (including equipment and ambient conditions) and the main-
tenance of a valid and reliable centralized body of basic d.escriptive informa-
tion. The amount, type, and format of this information may vary from eystem,
to system. There are, however, military specifications and Air Force diuec-
tives which deal directly with the requirements and preparation of integrated
man-machine information for particular systns. These have been noted ii,
the summary table at the end of this chapter. The primary source of infor
mation and guidance for developing the Personnnel Subsystem is AFSCM80-3,
Handbook of Instructions for Aerospace Personn.l Subsystem Designers.

D. Requirements for Testing Air Force Systems

Air Force Regulation 80-14 is the controlling requirements-document for
the testing and evaluation of Air Force systems, subsystems, and elements.

Im-portant policy explanations and distinctions are made in the regulation
concerning the types of tests required to support USAF research and develop-
ment and system acquisition. The regulation applies to all Air Force organi-
zations and activities. "Testing" refers to any proj.tct or program designed

IThe discussion of these documents, relating to individual systems or per-
sonnel subsystem elements, is not within the scope of this chapter. Our
purpose here is principally tu point out and describe, as briefly as possible,
the broad context of performance assessment.
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to obtain, verify, and provide data for evaluating research and development,
progress in accomplishment u,* developmental objectives, and performance
and operational capabilit#of systems, subsystems, components, and equip-
ment items, The term "evaluation" i s construed as the review and evaluation
of quantitative or qt alitative data. Distinctions are made concerning types
of testing. Researck- testing is defined in AFR 80-14 as a project designed
to verify hypotheses and propose solutions to operational needs or accur,-.-
late new knowledge. Developmental testing is an integral part of the aevel-
opment process used to sense trends, measure progress, and verify the.
acct,ýzniishment of developmont objectives on a continuing basjs. Anticipat-
ing t•,e discussion next of hurnan performance testing, these explanations
provide the policy basis for the continuous assessment oi the products and
processes of the personnel subsystc.n. 8

AFR 80-14 specifies the rojectives, policies, and procedures of tebting
and delineates three functional, categories of formal tests: C-ttegory I, Cate-
gory II, and Category III. Catetory I and II tasting occur during the Acqui-
sition Stage of system develuprent. Categcry IIT testing is carried .ut
during the early portion of the Operational Stage o,* the system life cycle.
Four types of teLting are also described in the document and are subject to
the three functional categories or phases of testing. These test programs
cover the testing of weapons systems, research and eevelopment projects,
engineering services, and balli.3tic missiles.

Excerpts from AFR 80-14 are presented in Appen-dixIVaand in Figure 4.
Additional instructions "ocerned witl testing and evaluation are contained in
other Air Force documents. AFSC Program Management Tnstruction 6-10 is
particularly useful in dtfir.ing and p-oviding guidance on fac" ,rs commrnun to
the test and evaluation of weapons systems It presents, ý,n relatively abbre-
viated form, the requir-ments and content for test planniig, test documen-
tation, programming resources and test items, data redi,:tion and analysis,
evaluation of test results, test reporting, and Che claRs-fic 1tion of procurable
items on the basis of favorable test and evaluation oi thf. ;ienms.

E. Requirements for Testing and Evaluating the
Personnel Subsystems in Air Force Systems

The systematic development o, the human performance in Air Force sys-
tems, specified in AFR 30-8 and gu ded by other documents (see Table lV at
the end of this section), includes te ting and evaluation in accord with AFR
80-14. Formal coordinated testing is to be integrated with system testing
and carried out from Category I through Category III until it iu verified that
the system can be operated, maintained, and supprted by USAF personnel
as intended. Formal guidance concerning the testing and :,valuation of per-
sonnel subsystem products and procr sses that support the men-machine
performance of the system is given in AFSCM 80-3. The dire.ction is un-
equivocal aind logical: whenever plans are made to introduce a human function
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into a system, plans must also be madc-. to test this function in re3.acion to the
rest of the system... much of this must be accomplished in early stages of
system design. Wherever feas-lble, AFSCM 80-3 directs, personnel subsys-
tem test data should be collected at system milestones such as design reviews,
equipment revisions, demouistrations, and inspections. These may include
prototype design engineering inspections, mock-ups, flight demonstration re-
'i.ieNs, qualification testing, etc. In addition, failure and consumptive data,
reports on hazards, accidents, safety, incidents, etc., must be collected and
analyzed for human performance implications. AFSCM 80-3, following AFR
80-14 and other documents, alsodiscusses the Air Force functional responsi-
bilities for developing and testing the personnel subsystem. A copy of the
manual's summary table is presented in Table III.

F. Summary of the Major Requirements-Documents

The major requ -ements -documents structuring the description, classifi-
cation, prediction, support, and verification of required human performance
in Air Force systems are presented in Table !V. The documents are listed
by Air Force designation and classified in two ways: (1) pertinence to the
management, development, and test of the personnel subsystem and allied
topic areas, and (2) category of Air Force and Department of Defense docu-
mentation. This information illustrates the requirements that were in effect
prior to or during the period of this study (1964-1965).
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III

OVERVIEW OF THE TECHNOLOGY OF THE BEHAVIORAL
SCIENCES FOR ASSESSING HUMAN PERFOR24LNCE

A. Introduction

This section is written principally as a point of departure for al,
understandirg of the technology of the behavioral sciences for assessing

, human performance in military, particularly Air Force, systems. It
4 contains (1) our perspectives on the broad behavioral science technology

applicable to studies of human pdrformance in the system context and a
schema useful for mapping the relevant experiences and literature of the
behavioral sciences; (2) a review of selected areas of the behavioral
science technology relevant to the description and evaluation of human
performance in the military system context.

, B. Relevant Areas of Research and Technology in the Behavioral
Sciences

There are five areas of information and methodology in the behavioral
sciences which are particularly relevant to the assessment of human per-
formance in Air Force systems. We derive these five areas or foci by
elaborating on the perspective, presented in Section I, that studying human
performance involves focussing on some system PERSONNEL, in the
system ENVIRONMENT (which includes other system personnel, system
equipment and the ambient system conditions), carrying out some selected
ACTIVITY or set of activities in exe ution and/or support of the syster-
mission. The five types or aspects of performance are described br .Lily
here.

The first "type" has to do with the functioning of the individual
operator, or maintenance technician, etc., %ith his capacities and limitations.
More specifically, this means the individual's sensing, sensory organization,
responding, drive/motivational, storage /me-nory, and feedback/adaptive
functioning (see Figure I in Section I for a basic model of individual human
functioning). The second aspect of human performance, conceived in
personnel-environment-activity terms, is the inter-personnel interaction(s).
Study of interpersonal performance involves, for example, consideration of
social structure, communication networks, authority arrangements, roles and
group syntality. The third "bype" of performance, widely studied in the tyDical
human factors or human engineering program, is the interaction of syjstem
personnel and the various system equipments. Studies of these inte-actions
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generally focus upon levels of automation, man-machine dynamics, control-
display-behav.or relatiorships, etc. The fourth "type" of performance sug-
gested by the personnel-environment-activity dimensions of human perform-
ance is the interaction of syste.m.ersonne!. and the ambient system conditions,
for example, illumination, sound, air conditioning, sensory and social isola-
tion. And the fifth interaction of relevance in the assessment of human per-
formance is between system personnel and the system activities, procedures,
and doctrine.

The interactive personnel-environment-activity concept of human per-
formance, in addition to making for a surr-nary of the subject matter of the
applicable behavioral science technology, also helps identify the behavioral
science specialists, disciplines and published literature.

Personnel specialists and thcse interested in the impact of individual
human differences upon system effectiveness typically do or can attend to
the performance, capacities, anct limitations of individual system personnel.
They can be asristed by the familir QQPRI, the training, and the proficiency
evaluation specialists.4

Social psychologists, group dynamicists, unit proficiency analysts,
cultural anthropologists, game theorists, and such specialists can and often
do contribute to the analysis and understanding of the inter-personnel inter-
actions. 5

Human factors engineering, industrial design, and such di ciplines
typically are involved with the personnel-equipment interactions. Life
support scientists, safety engineers, and physiologists are amung the pro-
fessionals whose technology is applicable to the interaction of system per-
sonnel and the ambient system conditions. 7

4
see, for example, references 2, 21, 73, 78, 79, 84, 88, 91, 97, 99, 105,
107, 108, 111, 112, 124, 133, 135, 138, 141, 143, 150, 157, 160, 171, 172,
183, 184, 332, 337, 359, 363, 364, 419.

5 see, for example, references 6, 12, 42, 59, 77, 81, 82, 103. 110. 125.
152, 163, 289, 324, 376, 401.

6see, for example. refererces 40, 51, 52, 63, 66, 80, 92, 98, 99, 119, 131,
16C, 171, 172, 185, 186, 312, 314, 406, 444, 446.

7 see, for example, references 94, 140, 152, 177, 196, 341, 374, 393, 438,
445.
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Work methods and industrial engineers, training professionals, and
handbook specialists are involved typically .i the development of the desired
per* onnel-activity interactions in the operation and ,nainterAnce of a military
system. U.

As Air Force systems develop through the cor-eptual, definition, acqui-
sition, and operational phases of their life cycles, a number of evaluative
activities take place with rmference to the interactions among system person-
nel and the system environament and procedures, activities and/or doctrine
(see Table H in Section I for ax summary of system and human performance
studies). In general, these activities (1) analyze human performance in terms
of system requirements, (2) collect empirical information to enable prediction
and/or verification of system/human performance, and (3) evaluate and use
such information. This assessment process is supported by a repertoire of
behavioral science studies principally to be fcund in four major fields (3}.
The fields are (1) human performance, (2) personnel research, (3) human
support and maintenance, and (4) economic analysis and management.

Figure 5 schematizes the preceding discussions and summarizes the
approach which we found useful in the methodological review of the behavioral
science literature for assessing human performcnee in Air Force systems.
Figure 6 relates the schema of this methodological review to the personnel-
environment-activity concept of human performance. We regard the develop-
ment and reporting of this mapping or plan for searching/reviewing the
relatively vast behavioral science literature as important to this overview
and as potentially useful to those involved in the assessment of human
performance.

C. Major Technologies of the Behavioral Sciences Relevant to
Human Performance Assessment in Air Forc.e Systems

The foregoing discussion indicates the broad content and methodological
areas or fields of the behavioral sciences relevant to the assessment of
human performance in military systems. The development of the behavior'al
sciences to their present day involvements-in system development is
generally important and interesting, but is not discussed here (see, for
example, references 13, ZI, 48, 96, 142, 382, and 385). Rathe-, we

8see, for example, references 5, 8, 60, 69, 78, 83. 85, 93, 97, 99, 105,
120, 122, 123, 128, 139, 147, 148, 158, 159, 163, 165, 166, 174, 176,
305, 428, 44Z.

25

d



System Life Time --

Sytem Life Cycle-

Conceptual Definition Acquisition Operational

I
--.-- System and Human Factors Engineering-•

-Assessment of Human Performance-

Conreptual and Empirical Description and Evaluation of
System PERSONNEL in the System ENVIRONMENT

Carrying out Some ACTIVITY

Assessment Process

An lysis of System/ Acquisition of Additional Evaluate and Use
Human Empirical Information Con- the Resulting

Performance cerning Human Performance Information

-- Behavioral Scieace Literature

Major Fields Categories of Pesearch

Human Performance Studies Basic - Applied

Personnel Research Studies Basic - Applied

Human Support/M'iaintenance Basic -- Applied

Economic Analysis and Man-gement Stutdies Basic - Applied

Figure 5. Approach to the Methodological R'2vlew of the Behavioral Sciences
for Assessing Human Performance in Air Force Systems
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Steps in the Assossme-it Process--
Analyze Obtain Informa- Evaluate and
Human tion Concerning Us- thc

Performance Human Perfor- Information
mance

Human Perfor-
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"to PQ sis and Man-

agement

FigLre 6. Refined Mapping of the Methodological Studies, Perspectiveb,
and Instruments o; the Behavioral Sciences Revie ved During
This Study
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wish to draw attention to what we believe to be the two technologies within
the hehavioral sciences most useful to the study of human performance in
the cuntext of the military and industrial aystem. These technologies
include (1) practices for conceptually assessing human performance, and
(Z) pruLctices for eMpirially assessing human performance. By the
concewpual assessment of human performance, we mean the description,
understanding, and evaluation of human functioning prior to the actual
manning, by representative p.'sonnel, of the system roles and positiono.

Conceptual aaseasment usually takes place during the early system life
stages when, largely, the projected system personnel, system equipment,
and system environment are unavailable, and/or not yet developed or
obtained, Em•pirical assessment, on the other hand, refers to the collectimn
and analysis of information concerning observable system personnel in the
real or simulated system environment carrying out some system activity or

procedure. Typically, empirical assessment is carried out at system
simulation facilities, prototype test facilities, and operational system si.tes.
Empirical assessment activities generally are not possible ur opportune dur-
ing early system df.velopment stages, e. g., conception, definition. TI eof take

place usually during the acquisition and operational stages of system 1.

1. Techniques for the "Conceptual Assessment" of Human

Performance

The study of human performance during the early system life
stages requires the modeling and systematic gaming of the expected role(s)

and functioning of the human component in the system. Largely, this ex-

aminatio'n of human performance entail.3 conceptual analyses, paper and
pencil studies both quantitative (mathematical) and non-quant.)tative (verbal,
diagrammatic, etc.).

Historically, behavioral scientists have not frequently used mathe-
matical models in thei, study of human performance. This would appear true
not so much because the subject matter is not amenable to quantitative analys'&

and expression but, probably, because the practitioners of the behavioral
sciences have not been accustomed to think and communicate in mathemprical
terms. This is not surprising: mathematics has developed as the hl.Id-

maiden of the physical sciences. On the other hand the behavio'al sc ent:st
has used narrative and diagrammatic, (e. g., flow diagrams), cechniques to
co)mmunicate about tie subject matter of human performance.. It should be

pointed out, however, that these, as with mathematiczl models, are model-
ing techniques, committing to paper symbols and relations among symbols
that, in effect, stand for some aspect of performance. Currently, in the

bohavioral sciences, a variety of mathematical and verbal modeling tech-

niques is used in the study of human performance and shoild be noted here
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regarding the study of the "conceptual man" at the early stages of system
life.

a. Quantitative Heuristic Techniques

The extension of classical math'ematical analysis, cencerned
with a few variables and their continuous functional interrelationships, to
the behavioral sciences has been marked with somt suc"tei, e. g., %e wide.
spread ise of classical, quantitative correlational techniques, and with certain
problems, The first of these problems concerns the traditional necessity
in classical mathematics to ;solate a relatively few variables. The study
of a few variables works well in carefully contrived laboratory settings but
is patently difficult in the typical man-machine system study. The secondi
weakness, (and the principal one for this review), of classical mathematics
is that it has not successfully coped with the problem of determining the
important variables: the classical method works best when it can deal with
variables that are given, known in advance. And, yet to ioe useful in early
system design, modeling techniques must allow the discovery or recognition
of aspects of human functioning to which specific attention should then be
given. In brief, the import of classical mathematical techniques in the
striving of the behavioral sciences to underbri, and plan for humsaas in Sys-
tem context is that they have been and conti, to be powerful tools for de-
ducing relations among performance variabl, but they are %.ot particularly
useful for discovering performance variables.

More recent mathematical techniques have been developed
which can contribute to discoveries and hypothetical positions regarding human
performance. Fox the most part, these techniques are heuristic: they pro-
vide concepts with which the system designer can work, with which he can
describe, classify and deduce properties of the rnaan-environment-activlty
interaction. Examples of such approaches are topological theory, graph
theory, and the theory of games. These the'oretics represent departures
from the classical type of thinking syrmbolized by the expression x w f(y).
Instead, they focus upon descriptions of organized systems and provide th.-
anatomy of the human performance cf interest. These approaches help identify
perforrmance variables which can then be studied by ordinary mathematics.
For example, the network of interpersonal relations in an operating crew or
military organization can be schematized by a linear graph (in the grauh
theoretic approach) 9 and the social properties involved in the group's

9 See Harary and Norman (126) for an examination of the potential use of
graph theory in the behavioral s,-iences.
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plrformance can be expresaed an -nathematical properties of the graph,
The usefulness of doing this is that hcretofore unsuspected variables or
characteristics of them may be opened up for study and that ýhe system
deuigner is provided with suggestious as to how to proceed further. 10

b. Non-Quantitrative Heuristic Technigues

The foregoing paragraphs point up the usefulness of quanti-
tative functional modeling, using the newer mathematical approaches, in
the tonceptual assessment of human perfor.mnance. It should be noted, how-
ever, that most i.sterm and human performance analyses start and contirue
with non-quantitative, principally verbal, descriptions. This section contains
a tabulation of an illustrative group rf techniques which have been develnped
and found useful for examining qualitatively (verbally, diagrammatically,
etc. ) the interactions among system personnel, system environment and
system activities.

Current practices in the non-quantitative, heuristic examina-
tion of hurnan performance seem to be the result of tw-o lines of development
in the behaviozal sciences: (1) the description,analysis, and classification of
human work, and (Z) th- rating, evaluation, and comparison of incumbents
and jobs. Work description and analybis includes, historically, numerous
approaches toward operationally defining and structuring the content of
human work (e. g., job description and job analysis), 11 the process, work-
place and moevments of work (e. g., time and motion analysis), 12 and thV
h-erarchies of jobs and incumbents (e. g. , occupat.onal analysis and classifi-
.zation). 13 Of particular note for this review is the -oost-World War II applica-
tion of work-.analytic techniques to the planning for and design of Air Force
systemsl 4 and the comparatively recent development of the U.S.A.F. Personnel

1 0 Uso-ful discussions of mathematical-psychological methodology are
contained, for example, in Rapoport (163) and Luce et al. (141).

11
see, for example, references 10, 90, 93, 94, 98P 99, 100, 101,
105, 113, 120, 137, 147, 151, 153, 158, 164, 174, 181, 381, 383,
442.

12see, for example, references 83, 120, 123, 153.

13
se , for example, references 142, 165, 183, 265, 278.

see, for example, reference 151.
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Subsysteon approach bamed in largo part upon the ctinstr,'l ticin and use of
function- and task-analytic information. 15

Table V presents and summarizes the major non-quantitativt
techniques useful for examining human performance heikristi,.ally. rhe
contents of the techniquen n% o4scrihd ilong the dimensions of thu per
sonnel -nvironment-activity concept of human performance. The tecn-
niques have been class;1fied according to format: gxaphic, tabular,
narrative, and lists and rating scales. The graphic group includes
diagrams, charts, profiles and matrices. The narrative and tabular
categcries are self-explanatory; the lists and rating sca.les group includes
checklists some of which are accompanied by riting scales.

Referring to the table, the items idenLified under each of the' gcn-
eral categories of systern activity, systerm personnel, system equipment
and environment should expl n thenmseles Howeve -, some v.xplanation is
required for the two-level category of activity. Actually, four levels can
be inferred by combining the information in the "level' and "rclationship"
categories. If the function level is cheroead and thc rel tionships shown are
"within," then the level of analysis handled by the technique con,'errs sub-
functions. If the "task' level is checked along with the "within" relation-
ship, it can be inferred that the technique analyzes subtasks or elementt.
Additional r'arifications related to items within 3 specific technique a,.e
contained in the footnotes accompanying the table.

The content analysis incSicates that there are cor.siderable ov(r-
laps among techniques and that techniques differ very often in appellation
rather than in content. For example, task analyjiz techniques, such as the
Operational Sequence Diagram, Information- Decision-Action Chart Task-
Equipment Analysis, and Position Descriptions are all very similar.
Differences among techniques are due principally to the format, the pur-
pores and intezests of the analyst, and the appl; .tion of the techniq.Ie at
different stages oi system developmet.

Environmental information is, in general, not included in approx-
imately half of the techniques illustrated in this review. For some tech-
niques, perhaps, the information is not pertinent to the analysis or it is
analyzed elsewise. It is surprising, however, that human task analytic
techniques do not contain such informatior, as a rnattLr of rule.

15 see, for example, references 4, 13, 1 4, 20, 21, 22, 23, 29, 34, 37, 38,
39, 45, 46, 48, 56, 57, 62, 63, 66, .8, 70, 71, -5, 86, 95, '-/6, 114,
116, 130, 131, 138, 151, 167, 173, 199:
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Sumrnmary descriptions of these techniques are contained in Table
VI, In addition to the description, the typical uses of the information and
the major proponents of the technique are given. The list of pro ponents
and references Is not exhaustive and is intended principally to convey the
general direction of the literature with respect to verbal-heuristic analyses
of human performance.

Z. Techniques for the "Empirical Assessment" of Human
Performance

Thus far, this section has summarized the technology of the behav-
ioral sciences for examining human performance while tVe perform•.nce is
largely conceptual. The emrp,',ýis which follows is upon practices for
examining human perfor-,.,nce empirically, that ie, for planning, conducting,
and using a test situatiota for assessment purposes. System personnel in the
system environment carrying out some system activity are in focus during
the empirical test as they are in the previously described paper-and-pencil
analyses of human performance.

There are many good reference work, on scientific research and
the conduct of behavioral science studies. Some are philosophical treatises
on the scientific method (for example, 14); some discuss the practice of the
scientific method (for example, 197); many are compendia of methods and
findings. 16 Overviewing these materials here is difficult; presenting what
they have to say in great detail is not intended. In general t.rms, however,
they advise on and illustrate principally three areas of the technology of the
behavioral sciences for empirically assessing human performance. These
areas are (a) planning the test situation, (b) collecting information concern-
ing human performance, and (c) reducing, analyzing, and using the obtained
information. 17

a. Planning the Test Situation

Planning the test situation usually involves the choice and
statement of a researchable or testable objective, searching and reviewing
relevant literature (as available), understanding the assessment process in

1 6 for example, 1 8, 121, 142, 155, 179, 190, 199 (experimental psychology);
6, 12, 103, 254 (social psychology); 4, 13, 16, 19, 20, 21, ZZ, 23, Z9, 34,
37, 38, 39, 45, 46, 48, 56, 62, 63, 66, 68, 71, 75, 86, 95, 96, 114, 116,
130, 131, 138, 151, 167 (human factors engineering)

1 7Wilson (197) indicates that "many scientists owe their greatness not to
their skill in solving problems but to their widsom in choosing them. "
The many guidelines and references on designing tests and studies not-
withstanding, there seems to be little available advice and few specific
techniques for knowing when or that a test situation is required.
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terno of the sciontific method (for exam, ýo, possessing a commitment to
zigtriouo and yet parsimonious study of , te problem, conduwtirg the study
as u-laed, miid controlling thc quality ansd interprotnt1on of the inf.)rrnation),
and the carefu) design of th,- teat situat on (so as to identify clearly th(,
-ariables to be mea•tureo and those to be manipulated or otherwise con-

trolled and the conditions, equipment, and procedtu.es of the test), 18
Planninq of studies of human performance in systems cuntexts requires
also the ctreftil *ntlyges and explicit statement of the relationship between
the human pr~formk'-ce of interest and the syattrm p'rfc-,imanco so as to
juatify the selection and execution of the study, to communicate with other
apecialists engaged in the design, development, and/or the operatioun Uf the
system, and,ultimatel A to benefit and/or assure demonstrably the desired
system performance. h In addition, designing ar.d/or taking best ad-
vantage of test situations during the development of the system implies a
thorough vnde*standing of the system development p.rocess av~d the needs fro
timely, sometimes crucial, information concerning human performance. 20

b. Techniques for Collectn:r Inforrmation

The behavioral literature centains many references to and
techniques for the collection of data in empirical situations, The techniques
useful in the empirical situation are variations of the basic method of science:
controlled observation. Observation may be direct, as when the human ob-
server is physically and temporally at the test locale, or indirect. The in-

direct observer often uses interviews to establish information. He can also

read reports. Observation may involve the participation of the experimenter,
test administrator, or test specialist(s) or it may not.

1 8The design and planning of tests and studies of human performance is
discussed in 13, 95, 96, 109, 118, 121, 124, 127, 142, 158, 160,
179, 18-1, 189, 190, 192, 197, 287, 288, 292, 293, 296, 298, 304,
384.

1 9 Relating human performance to system effectiveness is addressed

* %ariously in 2, 9, 28, 32, 35, 36, 65, 136, 145, 194, 195, 315,
320, 394, 403, 431, 442.

tj see 18, Z3, 29, 30, 32, 41, 47, 49, 53, 54, 58, 64, 65, 70, 76, 130,
131, 164, 170, 359, 394, 395, 404, 405, 408, 410, 41U, 412, 416,
418, 420, 422, 423, 427, 443.
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The bohavioral science literatur•e concornet with the colleaction
of human p@rformanc information contalnt tecl.nlquas lor instrumsnting,
otructuring, or formatting the available lnktrNrmution. Tect.aiquee, much as
ch@cklists and rating scalts, are designed to structure both the atiquisition
and the deposition of relevanm information ant to facilitate th) tP sk of

information proceasin, beyond the collection stage. Where criterion informa-
tion is Avnilablo, these instruments serve also as evaluative instruments
providing for the seleotion and recording of valued-data p;aints by the observer/
evaluator. A large body cA literature, has been doveloped on the ute of struc-

tured obso-vation forms and tbe design of such instruments for the best

possible validity and reliability. Table VII contamns descriptions of the
principal techniques appearing in the behavaoral .- cience literature anct us;;ful
for collecting Iniormation in the empirical slatug ion.

Moit of the direct observational techniques (e g., interviews,
rating scalex, •hoecklists, critical inzidents, time and m .tion practices per-

fornidnce testa) have long histories of uee in thc description and, analysis of
human behavior. Several of the indirect techniques also have beeA used exten-
rively in the measurement of human behavior, both in the labocatory setting
(e. g., response timers, pen recorders, questionnaires), and in the more
applied field settings (e. g., paper-pencil surveys, rating scales, questionnaires,

papor-pencil tests). There are signs th.t some newer practices, such as
video recording, the use of CRT remote displra s, and the use o computers to

record and analyze data on a real-time basis are and will L. come increasingly

useful. It is not uncommon to encounter discussionq concerning autormated
laboratoriev in which the stimulus program, duta recording, and data analysis

are all handled by a cuonputer. This study reviewed several such laboratories.
All that is required of twle human subject is that he appear and follow the instruc-

tions generated by the computer. The experime'iter need not even be present,

although he often in. There definitely appears to be a trund toward some form
of automation in experimental laboratory settinga and, in fact, even in field

settings, e. g., the integrated test course for Ohe measurement of combat
effectivences being built for the U. S. Army Quartermaster Corps. This out-

door course, which is capable of ali-%eather operation, will measure human

performance via remote automatic sensors which are linked to a central

computer which records and analyzes subject responses (309).

c. Techniques for Reducing and Analyzing Information

Data reduction usually follows data collection and is common-

place in empirical assessments of hwLnan performance. The reduction step is

one of summarizinu, making the information manageable and amenable to

additional analyses, The result of this step is typically a narrative sum-

mary or a numerical expression summarizing tte courting of events or

other measures of human performance. Quantified summaries usually take
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itstical form@ ind refer to the trends or tendencies in the information
and/or variations within it, il Common statistical forms are measures o,
central tendency (such af te mean median mode), measures of variability
(average and standard deviation, range of variation, etc.), percentages,
proportions, perc•••tiles and frequency dittribut~uns.

The behavioral literature contains much discussion on the related
topics of validity and reliability of observations and measures roncerning
human performance, Validity refers to the utility of a measure, or obser-
vation for some purpose. the degree to which the observation correspondc
with the need for it. Behavioral studies generally illustrate four types of
validliy: content, concurrent, predictive, and construct. Content validity
is a logical validity based upon the opinions of qualified people that measures
of human performance adequately sample the performance on which informa-
tion is required for evaluation. Concurrent and predictive validities are
statistical: the degree of agreement of the measure and its purpose are
determined by correlational procedures. Construct validity is a logical
validity in which estimates arc made of the degree to which a measure or
observation of human performance reflects some underlying human ability
or function, The concept of the reliability of measurement, differentiated
from, the reliability of equipment operation (probability of operation at a
given time) is estimated by the statistical agreement among repeated obser-
vations and there are a number of statistical expressions referring to the
absolute and relative reliability characteristics of the measures.

Reliability and validity are related concepts in the striving to
obtain useful information :onrerning human performance. Increasing the
reliability of the information often involves acquiring measures more closely
resembling each other atr•,d therefore, possibly more close to the "truth"
about human performance. However, a set of observations might be highl.
consistent but not true. On the other hand, highly valid or useful measures
neckssarily involve high reliability or consistency. A number of excellent
reWerences for both concepts, reliability and validity, are to be found in the
behavioral literature, e.g., Lindquist 1319).

Various statistical techniques have been developed for deriving
meaning from the summarized observations of human performance. They
generally fall into two types, parametric and nonparametric, depending uporn
the assumptions which can be rnade concerning the types of measures and
certain of their statistical characteristics. Several techniques for determining

2 1 References for this section incl'zdefor example, 288, 294, 297, 298, 300,
301, 302, 303, 306, 307, 310, 311, 313, 317, 318, 319, 323, 329, 328, 331,
333, 335, 338, 339, 340, 350, 355, 366, 370, 373, 385, 386, 387, 390.
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the degroee of association and the statistical signilicance of differences
between eets of information, a. g, , expected human performance and
oboerved periarmance, have been developed and are currently in use.
Ahey are described briefly in Table VIII,

D, Summary and Overview

The phenomena of human performances occur without benefit of system
designer or behavioral scientist, but the data of man-machine performance
are the joint product of analysts and observers and the phenomena- -coupled
with specially contrived data-generating situations and techniques. This
chapter has reviewed the repertoire of the behavioral sriences for generating
data from available information22 and for deriving meaning from them.

For the most part, what was seen in the state of the art as a result of
tWis review was a variety of familiar techniques and approaches in the
assessment of human performance. The principal methods for deriving
information concerning human performance are variations of logical assump-
tion, indirect human observation (e. g., interviewing), and direct human
observation, The principal methods for deriving meatning from the inforrtia-
tion rely apon human reasoning and involve comparison with previous infor-
mation. Placing a value upon the discovered facts requires judgment by and,
often, consensus among the users of the evaluated information.

With reference to the assessment process, the literature of the
behavioral sciences contains numerous methodological studies, guidelines
and I.andbooks which provide: (1) quantitative and non-quantitative heuristic
techniques for conceptualizing about human performance in the context of
the system environment and activity, (2) techniques for structuring and
controlling observation and recording in empirical assessment situations,
and (3) quantitat•ive (statistical and mathematical) techniques for examining
the meaning of data against expectations and needs.

Many of the techniques noted in this chapter have long histories of
usefulness in the pursuit of evaluative information concerning human per-
formiance. This is the case for rating scales, questionnaires, and some

2See Coombs (298) for an excellent overview of "information" and "data"

in behavioral science research.
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* lpa tmetric st~tiettca1 techniques.

Notieabl@ among the relatively novel and promising approaches are
various techniques of I'modrn" mathematics, Joeg, graph theory, game
theory), the us@ of computer-bamd "automated laburatories", d the
treAtment of data by nonparametric statistical analysis,

R was noted that the major advantage of tho newer, non- '" ssical
mathemat 7-l approaches ts that they can aid the behavioral :L ntit
daevar and oalort aspects of human performance and conceive oi the
variable*. range of variation and covariation in terms testabht 1)y the
classical matheomntical techniques, In addition to the use of 1,prietiL
mathematical proceaires, it was noted that non-quantitative hl xristic proce-
durea are available and are in general use, It would seem thu a oromising
direction for improving tie tools of early system design is the eornm'i.ation
of the diatrammatic-verbal and the mathematical- heuristics.

The use of autoina•td laboratories is fairly widesprtad at this time.
These are caniputer-bised stimulub presentation and response recording,
seoring Aystems. this developmen' probably represents a modern version
of the "braes -nstrumant" experimentation in the behavioral sciences, but
the promise of automated and reliable data collection. as well as the handling
and on-line rediction of large amounts of information is exciting. The
possibility of new efficiencies in the matter of deciding. through computer-
based sequential sampling techniques, when to stop collecting, data is also
promising in this context.

The review of practices in data reduction indicate t e avail[hility and
potential usefulnesti of nonparametric statistical techniques for analyving
measures of humar, performance. The techniques are generally similar to
parametric techniques in power and use and are practicable in system test
and evaluation programs. Moreover, these techniques are, in many cases,
,mtore appropriate than parametric techniques for treating the data of human
performance.
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IV

REVIEW OF ASSESSMENT PRACTICES IN SELECTED
AIR FORCE SYSTEMS

A. Introduction to the Review of Systems

Thif sectiek preseut* a discussion and tabulation of practices, as re-
viewed during this study, for assessing human perfurmance in four major
type* U, i-n-nachin@ systems. The four types of systems are: space,
aronautical, missile, and electronic, thete designations deriving princi-
pally from the name of the division within Air Force Systems Command
which has had cognisanc over the developmtent of the system. or subsystem.
The focus of this section is on a review of nmethods and tu;ýhniques rather
than the findings of the assessment programs. The purpose here is prin-
cipally devcriptive rather than evaluative, so that, beyond an organization
of the information into format convenient for tabulation and exposition, no
attempt is made to compare methods or techniques or to derive an evalua-
tive schema. This information is intended also to be illustrative rather
than definitive. Clearly, it does not represent all the programs that have
been carried out to datc, but it does satisfy the general purpose of this re-
view, namely, the illustration of the ways in which human perforrmance is
known and assessed in the context of the typical military system.

This section is subdivided into five sub-st ::tions. Four of these present
findings concerning practices in different types of systems. The last sub-
section eummarizes the Information and categorizes the techniques illus-
trated in the various test reportb and programs. A listing of reports avail-
able and used during this review has been organized by type of system and
is presented In the Reference section of this report.

B. Practices for Assessing Human Performance in Space Systems

1. Human Performance in Space Systems

Space systems are designed to function principally in the extra-
terrestrial environment although many activities in the typical mission take
place on the ground. Humans function generally in these systems as vehi-
cle controllers isnl passengers, ground controllers and assistants to the
vehicle pilot(s), and/or u. decision-makers and participants in the check-
out, launch, and recovery of the bpace vehicle. Some space vehicles are
unmanned: their purpose is to extund the capacities of the human on the
ground to acquire information, to ..ommunicate, etc. A variety of hurman
performances must be described and assessed in the typical system d-•-
velopment program. Highlighted among the aspects of flight performance
(hiractions within the focal P. E. A. unit) that require description and
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evalutiu @ MrepfofffanCt, as a fumtion of ihisnalife-Nupport fa-
diuties, m pQialnaed displays and nontrioi and crew composition, With re-
*p*t to the che.vkout atd launch of the opave vehicle and it* ground support
equipm(nt, h@avy f siphaf.i is bittia given to the study of automatin- -the
support of the checkout crew by computer and tthor equipment. Ongoing
atudi@e in this area concern human decision-making and both the nued for
and acýeptance of computer support by the maintenance and operstlnnal per-
sonnel, Human cornunication with the computer is also a subject of inves-
tigation with atudies concentrating largely upon an information system fur
man-computer symbiosis,

a. SummarX and Descrintion of Information Reviewed

The fore&oing discussion limned thosa aspect- of humlan perform-
ance which are currently being emphasized in apace projgrams. This section
summarizes the systems, typts of reports, etc., which concerned the assess-
ment of such performance, 4nd which were available during this study.
Table IX summarizes and devcribeas this information,

Asisesanment activities in four space systems, subsystems, or
context* wore reviewed: the GEMINI B, MAý NNED ORBDTING LABORA-
TORY (MOL), APOLLO, and SATELLITE CONTROL FACILITY. Table
IX indicates that the system document available for review described ac-
tivities in all phases except conceptual. We reviewed documents describing
activities during the conceptual phase, The reports tended to concentrate
either upon the activities which zake p.act during the early system develop-
ment phase@ or proficiency measurement during actual cystem operations.
The techniques described were oriented toward both laboratory and field
testing of subsystems, equipments, and man-machine interfaces.

The information which was available for the space systems was ac-
quired during i•unferences with SPO and contractor personnel concerned
with the specific systfim or subsyutem and from reports presentn6 test
plans, resultz, or general descriptions of the system life cycle. Table IX
indicates that co.iferances were held for all systems covered, and that there
were & number of test planning and general oystem documents available.
The principal source of the methodological information reported for the
space systoms was test planning documentation.

Information available ior the space systems/subsystems varied
in terms of the f)cuo or objectives of the test planning or evaluation. In
many cases, it wai clear that human performance per se was not measured,
e. g., in the static review of human engineering characteristics of equipment
design. In these cases, human performance was assumed tV be related to
the conditions under which it was observed or to the producta and processes
that rupported performance. Performance was being investigated as a
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funietiuh "t d*igjns training, operatin rij oduro*, porgofnnel Nkilit, and
onme~al factors, The frequenty with which thio wao done is cuntained

in Table XL Many reports, e.g., toot piano,~ ontandmr than ono r'e-

In fij'eikl; the .vavlable in ormAtitun indicatort that human perfurrm-
a n %pace %y•trn was being evaluated principally so a fanctiun of equip-
meut design, feprAtir- procodures and onviromr~ttrl factors,

3, Dotailod Findinau Concernina Performance Assessment
Practices in sp~ace svitoma

The proceding *.ction has provided the framework of the inforaa-
tien available coneerning the saeesment of human performa,-ce in space
*ystems. This section summaritsi tho availlble details concerning asbess-
ment te~hniques. This info•nation ii contained in Table X. The table in-
dicatest &) the system nomenclature, b) the fvcus upon human performance,
e@g., as a function of design. ropresented by tho tv.chniques listed, n) the
characteristics of the assesament aituation, i. e., static or dynamic :!valua-
tions, d) the types oi techniques used for data collection and data reduction/
evaluation, and e) the gacific system documents from which the infor.-na-
tion was derived and the time pleriod with•in k.hich they were published.

A variety of techniqueoi are used in space sywtems or contexts for
evaluating human performance. Iniormation concerning sybtems in early
stages of development indicated the usefulness of paper and pencil techniques,
such as task equipment analyoes, time-line, and flow diagrams for collecting
and examining informstion, The early introduction into the development
cycle of high fidelity simulation in which man performed was characteribtic
of tho programs reviewed. Simulhtion wr s accompanied by structured and
renoted observation forms and apparatus, e. v,., video recording. Dayr, re-
duction/evaluatlon techniques could be divided into quantitative and qualita-
tive techniques. Quantitative techniques ranged from simple analyzes using
frequency counbi to sophisticated treatments involving statistical comnari-
sons and tests for significance of difft rences and relationships. In the
qualitative category, the data reduction technique most often used was the
narrative summary, ie., verbal descriptive discussions, paragraphs, or
tables.

C. Practices for Assessinl Human Performance in Aeronauti'al System's

1. Human Performance in Aeronautical Systems

Aeronautical systems typically require t1at humans control and
direct aircraft and associated equipment subsystems through various phase%
of powered flight and take-off/landing during a system missiur1. The
aeronautical systems also include grouad support personnel avl fquiprment.
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The assessment of pilot performance often involves attention to his physical
accommodation, his control behavior, and his survival. The performance
of ground personnel consists largely of maintenance activities, and the evalua-
tive focus is on the safety, reliability, and speed of their performance. Tech-
niques and opportunities for developing, measuring, and assessing human per-
formance have been developed over a period of many years and have benefitted
from a variety of techniques developed (e. g., flight simulators) and programs
conducted (e. g., the evaluation of pilot proficiency) during and since the
Aviation Psychology Program of World War II.

2. Summary and Description of Information Reviewed

The foregoing discussion indicated some of the emhases in the eval-

uation of the performance of pilots and ground support personnel in aeronautical
systerrm'. This section summarizes the systems, programs, and reports
which concerned the assessment of such perforrr.ance and which were available
during this review. Table XI summarizes and describes this information.

Assessrner' 1es in eleven aeronautical systems, subsystems
or contexts were revs ', The eleven systems or subsystems included
bomber, cargo, and fignt.x.c aircraft, and one helicopter system. Flight sim-
ulators for the B-47, B-58, and the F-111 aircraft and the Sikorsky helicopter
simulator were also reviewed. The documents available for review concerned
systems or subsystems in the acquisition and operational phases. No docu-
ments referred to these or othlr man-machine interactions in earlier phases
of development. The techniques described, therefore, were oriented toward

assessment situations in which the human component could be seen interacting
with the real or closely simulated system environment. The principal sources
for information concerning the use of these techniques were documents con-
taining test plans or test results.

Evaluative activities in aeronautical systems focussed on perform-

ance in a variety of interactions involving personnel-environment-activity.
Equipment design, training, and procedural parameters were emphasized.

3. Detailed Findings Concerning Performance Assessment
Practices in Aeronautical Systems

The preceding section has described the information on which this
section is based. Table XII presents details concerning the assessment tech-
niques represented in the available information. The format of the presenta-
tion is the same as that used for summarizing methodological information
for the space systems.

The tabled information suggests a variety of used and useful data

collection techniques, typical among which are checklists, questiornaires,
rating scales, interviews, and simulators which use automatic data recording.

67



x0 x x - W -----

- -I

r k

•

i •1I Bo

68

*~41

411



0)u I..4 too U tuu wo V) M t
U 0j
+4A. to M o M ~ M Io .41 4J k. . 4H 4 .4.)4 N k44~ k 3

to4.d .*d Im (d. d erq d kM

0 1 4 .j4,ot 41)tt +4 % , d
(.) )0~ 44 +l 0)t 4 NJ 41 q o0) N to

to ta w 04 ) M §) th U) u
4) 4 > ) > > Q) Q) O w ra () C w w ) 0) w)

".V =4 4.4J

0) 4-)

- o4 0 (d (do (d '-144- 1 4
to m P4 k 0)1 d k ;q ( q (

ui QI I v Q 0 0)~ u ; kuv 4 N1

44ký

r. Ha0+
0)~4 - - _ _ _ _ _ _ _ _ _ _

44 0 1 .,

;4) 0 uX X. Xý OD o
0)) _ _ _ _ _ _ _ -4 4J

04 r 0 0
N - - 1 44 r 0 44P4~~XX torXq 1 ,

C.- P4 P44r0-H '1 0

nQ 44UId4
.,1Z ;.4 4) r W

u 44 d 0 . 0 1rd 4- 69
-4 : ý; ; F;Cd



OO\O 'ri 0.
0 N

44 4, ___ ___ __
u

U) p0

41 4) 4)~ J N U)k4

4)>ulU Lq)U M)) Uv VHH )H

44 +-'1Z

(d w-4d d 4)c

0a) V.

id 44V) 4 '.n
w"' ' 0 4o0 - 00

'4.4 M IL) o- g- -
41 0 .0. 0. 4H -' 4 0

'-4 :j U ..
P4 a.)( H.%Q.. a

x4- I > 
1 

x .x

>'c. _ _ _ _ _ Id

r44

.,A H

51 0~

>11 4 -4 0 X

k_ _ _ _ __ _ _ _ __ ..

pq

70

crI



-4 u

'.-4

U 161

444

00

"11 1144

04 4)04W

~~~40 P4"4 4~

E- 0
W4. P44 HWP,4

14)
0

to E-4'~ k

EV 4U)

WH - E-1U x 0O

14.

144

FA_ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _
0 ) 2

Etz U.

71-



Fi 0

44 to a 4 t

II (d 44

0 ko
j.44

v ~ ~ 0 0 Ur4

U 0 4

00 0 -0F

00

oili

z

0.

xl x x x
w P

-r4 I 1)

72



1*4nN

t4 U '. j4 '-4 U~ UIU~ Ili

?A q

*': ,> '),> :- )4

Q 0 4 01,

m M
FA 4 ) 4

.4 *4

Aw ,.4 ;4

q)0 ~C4 44 0

U 0.

0 14 0 u ~ U~

H4 04 P4 M

F4.

w0 
4

E-4~ 4 x mx M

-~ U)

~0)EM Xx4 xxx x4

x x wx

H ____ ____to

0. 0

73



In addition, collecting informatior, through the use of standard AFLG main-
ten4@@e and logistics form# yield* useful information concerning the type of
maintenance activities performtd in the field, the time spent in performing
th@m, and the type of personnel participating in the job, The Information
appears useful in investigating the assignmente of Air Force specialists and
in verifying the coverage of maintenance subject matter in the training cur-
ricula. For the most part, information from these st.iurces is reduced to
narrative and/or statistical summaries.

D. Practices for Assessing Human Performance in Missile Systems

1. Human Perforrmance in Missile Systems

The human role in missile syutems, particularly balistic systems,
is largely to maintain readiness, monitor, and launch. Modern missile sys-
tems are operationally ready to react very quickly and their countdowns are
almost completely automated except for procedural, manual, and inter-per-
sonnel safeguards against illegitimate and unauthorized launches. The typical
activities of the system personnel involve monitoring equipment status, se-
curity of the launch and control areas; and training and cummunicating within
the context of the User Command force exercises. Humans work in shelters,
siloa, or capsules, which are relatively comfortable, and which support life
for normal and emergency conditions. The environment is "shirt-sleeve. 1"
The human controller does not fly or otherwise move with the weapon vehicle.
The emphasis in programs for assessing human performance is 1,on human
vigilance, fault detection and reporting, sifety and reliability in maintenance
activities, malfunction diagnosis and maintenance dispatching, and man-cr.m-
puter dialogue. For the most part, missile systems rely upon computers to
provide continuous monitoring of large amounts of information and to sapply
console or rack indications of opei'ational and maintenance status.

The following section reviews the assessment of human performance
in missile systems. The first part provides an overview of the type of in-
formation available and a summary of methodological information. The
second part is more aetailed and emphasizes specific fo.'i and techniques
for d"t, collection and reduction. Specific system reports are also refer-
enced in this part.

2. Summary and Description of Information Reviewed

Information on seven missile systems or related programs was re-
viewed. All systems were in the acquisition stage at the date of the confer-
ence and/or the report. Test plans, test reports, and general system in-
formation were gathered for all ballistic missile systems to date. Test and
evaluation in missile systems concerned all aspects of personnel subsystem
functioning. Table XIII contains a summary of the information available for
the missile systems.
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Da Ntaile•, indin••a Coni-nima Performance Assessmont
Practicis i isl ytm

Table XIV presents detailed information concoining the data col=
lection and reduction/evaluative practices illustrated in miscile systems re-
viewed during this study, It is probably safe to say that humran performance
a•sessment in missile systems during the acquisition stage has drawin heavily
on the repertoire of the behavioral science methods and th:tt all techniques
for securing and deriving meaning from information have oeon used to date,
ballistic missile test progqrams at contractor facilities and at the Pacific
and Atlantic Missile Ranges include not ozidy the detailed requirement but
provide the opportunity for assessing the performance of system personnel

in near= operationw1 environments. Systematic data collection situations
have been set up for both operational and maintenance activities, Character-

istio of field studien in ballistic missile test program:-,, the system of trained,
non-participant observer-evaluators has been developed to a point that sophis- I
ticated atatistical treatmeut of the data secured by this system is currently
being attempted on the Minuteman program. Computer simulation, using
the IBM/Boeing-developed General Purpvse System Simulation Model, is
being used to examine the effects of various personnel errors and decisions
upon missile availability, maintenance scheduling and force posture. Oper-
abitity, maintainability and reliability are key human factor programs stimu-
lating careful demonstratiors under coatrolled conditions of adequate system
oper&tion and maintenance. The test site at Va.idenberg Air Force Base has
developed a resident Air Forc.t capability to dizect and carry out the assess- I
ment cf human performance. Human performance is assessedt actively

through Category III ttsting in the operational phase.

E. Practices for Assessing Human Performance in Electronic Systems

1. Human Performance in Electronic Systoms

Most systems in the inventrry of the Air Force have 8ectronic
components and subsystems. Considering hi's, it would be difficult to dis-
tinguish any single group of systems as "electronic. " For purpose. of this
section, however, thosc systems under the jurisdiction of the rilec. omc
Systcni Division during their development are listed in thie category of
electronic systems. The human ro)e in these Eystems is typically to par-
ticipate in nxi-sions variously involving communication, comm;,nd, conLrol,
warning, direction, detection, intellig'¶nce, surveillance, data processing
and .imilar activities. The use of such terms suggests that these man-
machine systems function to handle informaticn and communications in
several fiorms and for several purposes. From a man-centered point of
viow, the eqiipment of the electronic systems serve to exto.nd human capa-
bilitizs and -,aitigate human limitations for sensing, processing and acing

upon information concerning tactical and other situations of military in-
terest. System personnel typically monitor the displays provided by system
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sensors, (e.g., radar), and are required to query or communicate with com-
puter aids to human decision making, One of the requirements of and on
system personnel is therefore to relate closely to .he computer subsystems
of the electronic systenm. The asi~essment of human performance in these
systems typically focuses upon problems of human vigilance, organization
of groups for effective decision-making, human information handling, de-
cision-makinp, and conditions for the display of information and effective
workplaces.

2. Summary and Description of Information Reviewed A

Table XV summarizes the twelve systems surveyed and the type
and focus of the information available for this review of assessment tech-
niques in electronic systems. No reports or other materials were available
for evaluative activities that occu.rred in the Conceptual or Definition phases
of system life. Reports of assessment plans and activities occurring in the
Acquisition stage were, however, available for all systerr.s. Category II/III
test reports were available for 416L (SAGE) and the AN/GLR-l portion of
the 466L system. Evaluative activities in all systems related system and
human performance to equipment design, operating (and maintenance) pro-
cedures, and various environmental factors (e. g., illumination, sound
levels). Training and personnel selection interests were mentioned less
frequently In the reports reviewed.

3. Detailed Findings Concerning Performance Assessment
Practices in Electronic Systems

The assessment of human performance in electronic systems ap-
pears to be well organized and to utilize a wide vaziety of techniques, as
illustrated in Table XVI. The typical set of data collection procedures in-
volves direct observation of hum.an performance by observer/evaluators
(O/E's), the use of data collection forms such as checklists, questionnaires,
and rating scales, the use of interviews, and some form of instrumented
evaluation of enviroimental factors. Other techniques which apPear to be
used less often but nevertheless are quite promising in electronic systems
include automatic data-recordin_, using both computer programs to simulate

*, missions and record system actions, and various forms of time and event
recording apparatus. In addition, other unusual, (i. e., infrequently occur-

V ring), techniques include time and morion studies, photography, and the
use of the AFTO 210, 211 forms for collection maintenance data.

The promise of using the built-in data collection, reduction, and/
or reporting capacities of modern electronic systems should be noted in
connection with this summary. Systems such as the 466L (AN/GLR- 1
portion) and, more specifically, computer-oased SAGE and BUIC have the
capability of sensing and recording many overt control actions of the opera-
tors and of tabulating/summarizing the information in a variety of useful
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formats, Th! cpitycartfully dovwloped and providod for these systems,
does not, however, uppe@r to t used fully when tW•,e systems become opera-
tional. SomQ readons given 1%r this refer to Air Force doctrine and/or
management polilcis, but it was also noted that there is a need to develop a
"blue-rsuit" Air Force capability to use imaginatively the computer-based
opportunities and te•hniques for assessing human performance in electronic
systems.

F. Summary of Assessment Practices

The preceding review of evaluative practices in thirty-four Air Forvtý and
related programs Ullustrates a variety of techniques for acquiring information
concerning human performance and of deriving meaning from the information.
The tabulations of these various techniques having-bten made separately for
each system, the purpose here is to provide a brief summary across systems.
The table and figures which follow contribute to this overview,

Thirty-four practices were identified in the review of the thirty-four
assessment programs. The test plans, test reports, and discussions concern-
in& these programs indicated two general categories of techniques: those used
in the collection and recordinh of data, and practices used for data reduction
and analysis. The data collection practices are variations of indirect cr direct
observation in which reports, interviews, and empirical situations such as
field trils, simulator studies, and experiments are used as information sources
or test situations. Human observation is often instrumented or structured
through the use of programmed materials: checklists, rating scales, apparatus
set to mea&ure selected tconditions at pre- selected data points, etc. Often,
too, the ol-server is remoted through the use of on-line videu and sound mon-
itors, and video and sound recordings for off-line, post-test analysis. The
data reduction techniques illustrated in the system situations of this study
most oftf.n involved narrative summaries in a variety of formats and the use
of descriptive statistics (means, medians and associated estimates of vari-
ability). In some cases, test data were manipulated statistically in order to
teat hypotheses, interrelating sets of data and/or checking the stat.stical sig-
nificance of results. In a relatively few cases, expert judgment was given as
the principal means of deriving meaning from the assessment information
concerning human performance. Table XVII correlates information concern-
ing astessment techniques with the specific Air Force systems on which test
information was available during this study.

The summaries graphically presented in Figures 7 and 8 are derived
from Table XVII. Figure 7 makes visible, in summary form, the frequency
of reported use for each assessment technique:. Interview and observation
techniques were named in practically all test plans and reports and were
supported bY various other techniques that combined interview and observa-
tion with paper and pencil check or work sheets and recording/measuring
apparatus. Narrative and descriptive statistic summaries were most fre-
quently noted in the test plans and reports reviewed.
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Assessment Practices I Frequency of Reported Use

0 10 14 18 22 Z6 30 34

Interview llllllIll lllllilllIlllIlllIQue stionnair e III~llllll

Rating Scale
Interpersonal Perf. Chart IIi
Procedural Checklist ll ll
Design Checklist (H. E. ) IIIIlllllllllllllll
Life Support Checklist lI
Paper and Pencil Test IIIII1!,Anthropometry I~~illl

SMaintenance Fo~rms (e. g. AFTO)iliti
o Maintainability Checklist II iill

SDeviation/Difficulty Reports IIIIIl i
9 Direct/Remoted Observation IIIl!!llll111llllllllilill

SPhotography lillill
SSound Measuring Instruments III
o Light Measuring Instruments III
STime and Event Recording III
: Voice Recording IM1111
Q) Automatic Data Recording IIIIII l
+ Diagrammatic Analyses lliliil

Demonstration I111161111
Simulation Illillllllllllllllll
Time-line Analyses IIIIIIlilll
Task-equipment Analyses IIIIIIlhlll
Personnel Records II1
Position Description II I
Mock-ups IIIIIIIIII
Review System Reports III1

rNarrative Summary Wllhlhlllllll~hlI~lllhihiihiii
0 Diagrams/ Flow Chart 111

DsrpieStatisticsil
• ' Descriptive ttatistics IIIi111111 IIIIIIIIIIlUhl I l~ll UlIhII

~ ~Comparative Statistics lll~liiiii
SElectronic Data ProcessingII
IL Expert Opinion/Evaluation .II)lUhIIIII - - 1

0 6 10 14 18 22 26 30 34

Figure 7. Frequency of Reported Uses of Human PLrforinance
Assessment Practices in the Systems Reviewed During
This Study
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System Number of Assessment Practices Useda

6 8 0 12 4j.j 168 26' 22 24__26
Gtmini B ItqllilllSCF il

SMOL llllllllllll

UI.Apolloiiiw

B-iinn lli llnii
C-141 ii iinl;

'• ~~~~B-58Uiuin
~B-25

a B-47
* F-SA/II

o F-4CSCH-3C IIlIllllil

SAN/APQ- 24L Flight Sim. IIl I
DORA (F- Il) i

,I /itn

Atlas
STitan I . , .• I I

( C..ita n Ill l m l l l ~ l l l ~ m l l l l l l n l
-I Minuteman IIIIUII•IIIIhl IIIIIII II nIIII iIII IIIIIII IIIInII

L M a c e I I I l l I ' l
Prog. 279 IIIIIIi

, ([ 412LilllllIIt &6L
416L
416M l1l1I1 IIlii lS425L m

" 433LIllilll
465Llllllllll

"U 466Li!!lllllllll

473L

482/431L ll l lli li llllll i llinil lllllll
483L 4911
49 6L

6 8 10 12 14 16 1,8 ZO 22 24 26

aAssessment practices are summarized in Table XVI.

Figure 8. Use of Assessment Practices Among Systems Reviewed
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From Figure 8 it is possible to make some comparisons among the test
situations surveyed during thiE study. The information made available by
Air Force SPO's and contractors indicated that the assessment of human per-
formance in missile systems utilizes thelargest number of the different tech-
niques described in Table XVII, The space, aeronautical, and electronic
systems noted about the same number of useful assessment techniques.
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V

CONCLUDING REMARKS

A. S&nopsis of Report

This report was written as a review of practices in the assessment
of human performance in Air Force systems. The review was carried
out during the preparation of a methodological handbook on the assessment
of human performance. In order to obtai.n and bring together the most
inclusive overview of the topic we fund it necessary to (1) defin' opera-
tionally both human performance and the assessmer~t of human pefformance
in the systems context, (Z) review the current Air Force policies and
practices for developing and testing military systems and for developing
and evaluating personnel subsystems, (3) review the methodologies of the
behavioral sciences relating to human performance in the world of work,
and (4) survey practices in Air Force system programs for studying human
performance and/or the variables of which human performance is a function.
Figure 9 summarizes these steps and the content of this report.

B. General Comments Concerning Human Performance

Our perspective herein has been that the reality that basically concerns
the system scientist, behavioral or otherwise, in the development of an
operable and maintainable military system is selected system PERSONNEL
in the system ENVIRONMENT (which includes system equipment, ambient
conditions and system personnel other than those in the focus of attention)
carrying out some system ACTIVITY or procedure. These personnel-
environment-activity dimensions and interactions among them constitute
the subject matter of inquiries into human performance in Air Force systems.
Accordingly, the subject rnatteý, breaks down into five anthropocentric areas:
individual human capacities and limitations, the interaction of system personnel
with each other, the interaction of system personnel and system equipment,
the "interaction of system personnel and the ambient system conditions, and
the interaction of systi-m personnel with the activities, procedures and work
of the system. While this perspective may oversimplify the scope of human
performance studies, it neverthelesse ;e.m to be useful for structuring a
review of the specialists involved in the study of human performance in
system contexts and the disciplines and technolog;es within the behavioral
sciences applicable to the assessment of human performance.

C. General Comments Concerning Assessment

The assessment of human performance has been considered here as
the process of analyzing and describing, collecting information concerning,
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r * Human Performance in
Per sonnel- Environment-

(Section 1) Basic Activity Terms
Perspectives

- Assessment of Human
Performance

S. Developm ent of Air Force
Systems

STest and Evaluation of Air
Review of Force Systems
Air Force Systems

(Section It) Context for the Development of Personnel
Assessment of Subsystem
Human P e r momrr•;,

. Test and Evaluation of
Personnel Subsystem

Development of a Plan for
Literature Search

Overview of Major Techniques for the
Behavioral Science Conceptual Assessment of

(Section ILD Technology for Human Performance
Assessing Human
Performance _ Major Techniques for the

Empirical Assessment o:
Human Performance

.- Space System Programs

Overview of Practices
in Air Force System Aeronautical System Programs

(Section IV) Programs for
Assessing Human . Missile System Programs

Performance . Electronic System Programs

Figure 9. Content Summary of This Report
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and evaluating human performance (conceived as interactions among system
personnel, system environment, and system procedural dimensions). The
process includes the human acquisition of information through logical assump-
tion, indirect observation, and direct observation. The evaluation of thc infor-
mation requires the clear specification of the need and use for the informa-
tion and the comparison of what is obtained against what is required, or
previously understood, or previously not known. The use of the evaluated
information very often requires consensus among the system designers and
users concerning its value and meaning to system, mission performance.

The practice of this assessment methodology is well guided by rules
and advice from both military and behavioral science sources. The tech-
nical decisions as to what performance information is needed and whether
a test situation is required must. nevertheless, be made by the skilled
specialist.

D. General Comments Concerning Assessment Technology

The assessment methodology just described is supported by a repertoire
of useful techniques for getting to know about and deriving meaning from
the knowledge concerning human performance in Air Force systems. The
behavioral science technology contains numerous techniques that can be used
in the conceptual (i. e., the human performance is conceptual) and the empirical
(I. a., the human performance is observable) assessment situations. The
reliability and validity of the resulting information vary and depend largely
upon the care with which the test situation and instruments are developed.

Most of the techniques available and used in the behavioral sciences
Isave been applied to assessing human performance in Air Force systems.
These include a variety of techniques for data collection and reduction/
analysis. The developments which are most promising ior application to
the assessment of human performance in Air Force systerm•s involve the
quantificacion of verbal and diagrammatic heuristic techniques, the use of
automated laboratories, and the more widespread use of nonparametric
statistical tweatm.rts.
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APPENDIX I

SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF

HUMAN PERFORMANCE

Maio• Field NQ. 1 - Human Performance Studies

Basic Research Subfields Applied Research Subfields

:ndividual Performance Human, Engineering

Aging Clothing and Per sonal Equipment
Anthropometry Command and Control
Decision Processes Communication
Environmental Effects on Controls
Perform.-.nce Design in Relation to the Availability

Atmospheric Properties of Human Resources
Environmental Uniformity Display of Information
Gravitati,)n and Inertia Equipment Acceptability
Magnetic Fields Human Engineering Bibliographies
Radiation and Handbooks
Thermal Effects Information Processing
Vibration and Blast Layout of Work Places
Visible Spectrum Mair,tenance

Motivation and Streas Mari-Machine Dynamics
Motor Performance QQPRI Methodology
Perceptual Performance Rdconnaissance Technology
Personality and Character Theory Methodology and Apparatus
Correlates Other
Research Methodology and Theory
Task and Vigilance Fatigue Team, System. Performance
Other Crew Composition

Large Organization Structure and
Group Performance Individual Effectiveness
Group Communication Prccesses Organization Effectiveness
Group Decision Processes Other
Group Dynamics
Gro ip Influence on Perception
Group Standards and Performance
Group Structure
Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SC!ENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF

HUMAN PERFORMANCE (continued)

Major Field No. Z - Personnel Research Studies

Basic Research Subfields Applied Research Subfields

Individual Differences Selection and Assignment
Criterion Theory Assignment, Allocation and Dis-
Predictor Theory tribution Procedures
Psychometrics Career Guidance
Other Classificatin Procedures

Criteria Development
Learning and Retention Performance Evaluation Techniques
Correlates of Learning Proficiency Predictor Techniques
Group Factors in Learning Psychiatric Selection Research
Human Learning Activities Relation to Training Requirements
Learning Theories and Compara- U. S. Military Sociology
tive Learning Other
Motivation in Learning
Retention Training
Transfer of Training Evaluating Training Effectiveness
Other Methods of Studying Training

Requirements
Task and Skill Analyses Methods
Training Methods

Programmed Instruction
Training Aid Design
Training Media Effectiveness
Carriculum Planning
On-the-Job and In-Class
Training Procedures

Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF

HUMAN PERFORMANCE (continued)

Major Field No. Z - Personnel Research Studies (continued)

Basic Research Subfields Applied Research Subfields

Personnel Manaement
Adapting Available Tests to Opera-
tional Situations
Design of Specific Test Batteries
Determining Program Training
Requirements
Individual Proficiency Training
Leadership Training
Performance Evaluation Tests
Recruitment
Selection and Training for Remote
Area Operations
Specific Training Aid and Simulator
Design
Team. and System Training
Test Maintenance
Training Foreign Nationals
Other

Major Field No. 3 - Human Support and Maintenance Stidies

Bionics Maladjustment
Bio simula:ion Accidents
Techniques of Psychophysiological Adjustment
Monitoring Deviant Behavior
Electrical Stimulation FEquipmont Character Disorders
Other Cultural Factors

Mental Illness
Morale
Other
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SCH• MA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT AND ASSESSMENT OF

HUMAN PERFORMANCE (continued)

Magor Field No. 3 - Human Support and Maintenance (continued)

Basic Research Subfields Applied Research Subfields

Ecology Protective Devices
Terrestrial Clothing and Personal Equipment
Aquatic Motion Sickness
Atmospheric Other
Other

Support Devices
Psychophysiology Design of Space Platform
Activation Systems Escapo and Jivasion
Biochemical Processes and Drugs Prosthetic Devices
Eanironment Effects on Comfort, Shelter Habitability
Health and Safety Other

Atmospheric Properties
Environmental Uniformity
Gravitation and Inertia
Magnetic Fields
Radiation
Thermal Effects
Vibration and Blast
Visib).e Spectrum

Ecological Studies
Homeostatic Systems
Neurological
Psychophysiological Correlates of
Emotion
Sensory
Sleep
Other
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SCHEMA FOR REVIEW OF BEHAVIORAL SCIENCE METHODS
FOR THE MEASUREMENT IiND ASSESSMENT OF

HUMAN PERFORMANCE (continued)

Major Field No. 4 - Economic Analysis and Management Studies

Basic Research Subfields Applied Reaearch Subfields

Theor Techniqiues and Methods
Decision theory Network analysis (PERT, etc.)
Economic theory Econometrics--methods, models,
Game theory theory
Statistical methods Gaming
Graph theory Process analysis

Value engineering
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APPENDIX I1

LISTING OF AIR FORCE REQUIREMENT DOCUMZNTS
STRUCTURING THE DEVELOPMENT AND ASSESSMENT OF

HUMAN PERFORMANCE

Air Force Regulations

DocumenI• Subct
Number

APR 0-2 Numerical Index of Standard Air Force Publications

AXR 0-6 Subject Index of Air Force Publications

AFR 23-2 Air Force Logistic Command

AFR 23-6 Air Training Command

AFR 26-1 Manpower and Organization Activity

AFR 26-3 Manpower Authorization, Policy and Procedures

AFR 30-5 Guidance to Inbure Adequate Personnel Facilities

AFR 30-8 Development of a Personnel Subsystem for Aerospace
Systems

AFR 35-14 Attending Meetings of Technical, Scientific, Pro-
fessional or Similar Organizations

AFR 40-423 Non-Government Training

AFR 50-3 USAF Training for AF Contractor Employees

AVR 50-9 Special Training

AFR 50-19 Management of Training Equipment

AFR 53-12 USAF kistrument Pilot Instructor School

AFR 57-4 Modification/Modernization of Aircraft, Guided
Missiles and Relatedl Equipment

AFR 58-4 Responsibilities for Missile/Space Accident Pre-
vention Programs

101



Document
Number Subject

AFR 65-3 Configuration Management

AFR 66-1 Policy, Objectives and Responsibility

AFR 66-7 Technical Order System

AFR 66-8 Maintenance Evaluation Program-- Vehicles and
Aerospace Ground Equipment

AFR 66-18 Contract Technical Services (CTS)

AFR 66-29 Maintainability Program for Weapon Support and
Command and Control Systems

AFR 66-30 Product Improvement Program

AFR 67-19 Supply Support of Research, Development, Test
and Evaluation Activities

AFR 80-5 Reliability Program for Systems, Subsystems,
and Equipment

AFR 80-6 Classification of Air Force Equipment

AFR 80-11 Importance Categories

AFR 80-14 Testing Evaluation of Systems, Subsystems.
and Equipments

AFR 80-24 Test Results of Commercial Equipment

APR 80-27 Research and Development Plans and Reports

AFR 80-28 Engineering Inspections

AFR 80-31 Elimination Program for Air Force Materiel Within
the Sensible Atmosphere

AFR 80-32 Quick Reaction Capability

AFR 80-36 Civil Airworthiness Standards for USAF
Transport Aircraft
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Document
Number Subjec

APR 122-4 Nuclear Safety - The Two Man Concept

AFR 160-3 Hazardous Noise Exposure

APR 161-Z Aerospace Systems Management Medical

AYR 310-1 Management of Contractor Data

AFR 375-1 Management of Systems Program

AFR 375-Z System Program Office

AFR 375-3 System Program Director

AFR 375-4 System Program Documentation

AFR 400-25 Logistics Support for Other than Categories
I, II, and III Tests

AFR 400-Z6 Logistics Support for Weapon, Support, and
Control Systems Test Programs

Air Force Manuals

AFM 11-1 AF Glossary of Standardized Terms and
Definitions

AFM 26-1 Policies, Procedures and Criteria

AFM 32-3 Ground Safety - Accident Prevention Handbook

AFM 35-1 Airman Classification Manual (Vol I and II)

AFM 36-1 Officer Classification Manual

AFM 64-4 Handbook for Personal Equipment, Personnel

AFM 66-1 Maintenance Management - Depot, Field and
Ox ganizational Maintenance

AFM 66-18 Contractor Technical Services for Category II
and III

AFM 110-9 System Program Documentation

AFM 17Z-1 Budget Administration
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Document

Number Subjec

Air Force Systems Command Regulations

AFSCR 11-2 Presto Reporting System

AFSCR 80-20 Research and Development - Air Force System
Command Technical Report Program

AF'3CR 80-4 Status Classification of Air Force Equipment

AFSCR 80-16 Personnel Subsystem Program fo. Aerospace,
Support, and Command and Control Systerms

AFSCR 66-7-8 Depot, Field Organizational Maintenance
Technical Order Data

AFSCR 80-Z3 Cold Weather Test Responsibilty

Air Force Systems Command Program
Management Instructions

AFSCPMI 1-4 System Package Program Format

AFSCPMI 1-5 Test Report

AFSCPMI 2-5 Advanced Development Program

AFSCPMI 2-7 Job Plan Format (superceded by AFSCPMI 2-5)

AFSCPMI 4-2 In Service Engineering Procedures

AFSCPMI 4-3 Engineering Support Procedures

AFSCPMI 4-7 Engineering Service Plan Format

AFSCPMI 6-8 Status Classification

AFSCPMI 6-10 Test and Evaluation
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Document
Number Subect

Air Force System Command Manuals

AFSCM 5-1 Research and Development - Air Force System
Command Technical Report Program
(superseded by AFSCR 80-20)

AFSCM 80-1 Handbook of Instructions for Aircraft Designers,
Vols. I and III (HIAD)

AFSCM 80-3 Handbook of Instructions for Aerospjace
Personnel Subsystem Designers (HIAPSED)

AFSCM 80-5 Handbook of Instructions for Ground
Equipment Designers (HIGED)

AFSCM 80-6 Handbook of Instructione for Aircraft Ground
Support Equipment Designers (HIAGED)

AFSCM 80-7 Handbook of Instructions for Aerospace
Vehicle Equipment Design (HIAVED)

AFSCM 80-8 Handbook of Instructions for Missile Designers,
Vols. I and H (HIMD)

AFSCM 80-9 Handbook of Instructions for Aerospace
Systems Design (HIASD)

AFSCM 122-1 The Nuclear Weapons Safety Program

AFSCM 375-1 Configuration Management During the
Definition and Acquisition Phases

AFSCM 375-4 System Program Management Manual

AFSCM 375-5 System Engineering Management Procedures

AF SCM 310-1 Management of Contractor Data and Reports
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Document

Number Subject

AFSC Division Exhibits

AFBM 57-8A Human Engineering Design Standards for
Missile System Equipment

AFBM 58-1 Contr-tor Report

"AFBM 58-9 Inspection Requirements Manuals, Inspection
Cards and Sequence Charts for Ballistic
Missile Weapon Systems

AFBM 58-10 Reliability Program for Ballistic Missile and
Space Systems

AFBM 59-17 Training Equipment Procurement for Air Force
Ballistic Missiles and Military Space Systems

AFBM 58-18C Quantitative and Qualitative Personnel Require-
ments Information

AFBM 60-1 Personnel Subsystem Testing for Ballistic
Missqle and Space Systems

AFBM 60-65A Aerospace System Personnel--Equipment Data
for Personnel Subsystem Development

AFBM 59-32 Design for Maintainability Program for Weapon
and Space Systems

AFBSD 61-99 Human Engineering, Development of System,
General Specifications for

AFBSD 62-41 System Safety Engineering: Genera, Specifications
for the Development of Air Force Ballistic
Missile Systems

AFBSD 62-53 WS-133B Maintainability Design Criteria

AFBSD 6Z-79 Life Support Subsystem Criteria (WS-133B)

ESDP 375-1 A Typical Test Section of a System Package
Program for an Electronic System
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Document
Number -ujc

WCLDPT 60-21 A Technical Guide for Designers of Personnel
Subsystems for Weapon/Support Systems

WDT 56-5 Technical Manual Program

Militari Standards

MIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes

MIL-STD-218 Technical Manuals

MIL-STD-441 Reliability of Military Electronic Equipment

MIL-STD-803A-1 Human Engineering Design Criteria for
Aerospace Ground Equipment

MIL-STD-831 Preparation of Test Reports

Military Specifications

MIL-T-4857 Training Equipment, Weapon System, Specification
and Specification Compliance Test Outlines, In-
s';ructions and Requirements for Preparation of
(Superseded by MIL-T-27382)

MIL-M-5474 Technical Manuals, General Requirements for
P.eparation of

MIL-H-6814 Handbooks, Overhaul, Electronic, Electrical
Electro-Hydraulic, Electro- Mechanic t1 Equip-
ments, Systems, and Test Equipments,
Preparation of

MIL-T-9107 Test Reports, Preparation of

MIL- D- 9310 Data for Aeronautical. Weapon Systems and
Support Systems

MIL-W-9411 Weapon Systems, Aeronautical, General
Specification for

MIL-D-9412 Data for Aerospace Ground Equipment (AGE)
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Document

Number SubJec

MIL-M--9864 Technical Manuals: Operation and Organizational
Maintenance (Missile Weapon System)

MIL-C-9883A Check Lists for Missile and Space Systems
Operational and 01 ganizational Maintenance

MIL-H-25946 numan Factors for Manned Aircraft Weapon
Systems (Superseded by MIL-H-27894)

MIL-P-25996 Procedures for the Devw-lopment of a Cockpit
Subsystem and the Accomplishment of
Subsystems Integration

MIL-H-26207 Human Factors Data for Guided Missile Weapon
Systems (Superseded by MIL-H-27894)

MIL-D-26239 Data, Qualitative and Quantitative Personnei
Requirements Information (QQPRI)

MIL-M-26512 Maintainability Requirements for Aerospace
Systems and Equipment

MIL-S-26634 Specifications, Weapon System, and Support
System Mock-ups, Preparation of

MIL-R-26667 Reliability and Longevity Requirements, Electronic
Equipment, General Specifications for

MIL-R-26674 Reliability Requirements for Weapons Sy.tems
(Superseded by MIL-R-Z754Z)

MIL-T-Z738Z Training Equipment, Subsystem, Technical Data,
Preparation of (Supersedes MIL-T-4857)

MIL-T-27474 Training Equipment, Ground, General
Requirements for

MIL-R-27542 Reliability Program Requirc:uents for Aerospace
Systems, Subsystems and Equipments
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Documeint

Number Subject

MIL-T-27615 Teat Oatline, Engineering, for the Inspection
of Training Equipment, Requirements for the
Preparation of

MIL-H-27894 Human Engineering Requirements for Aerospace
Systems and 4quipment

MIL-S-38130 Safety Engineering of Systems and Associated
Subsystems, and Equipment, General Requirements for

MIL-M-38701 Manuals, Technical, Inspection Requirements,
Work Cards, for Missile and Space Weapon
Systems

MIL-S-58077 Safety Engineering of Aircraft Systems,
Associated Subsystem3 aind Equipments;
General Requirements for

MIL-D-70327 Drawings, Engineering and Associated Lists
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APPENDIX III

DEVELOPMENT OF PERSONNEL SUBSYSTEMS IN AIR
rORCE SYSTEMS: AIR FORCE POLICY. REQUIREMENTS

AND DEFINITIONS (SOURCE: AFR 30-8)

Scope and Policy

Scope:

This regulation applies only to systems and programs managed in accorc
ance w"ith AFRs in the 375 series. However, other USAF development pro-
grams must be planned and implemented with full consideration for, and
integration of, the applicable elements of personnel subsystems described
herein.

USAF Policy:

a. Manpower, personnel, and training actions must be defined, scheduled,
and performed in a coordinated manner, compatible with all othe
aspects of system development in order to provide qualified personnel
at a predetermined time and place.

b. Required leadtimes for PSEs will be determined and considered in the
overall system planning. The SPD will advise HQ USAF of any situa-
tion that may prevent meeting the approved Sys em Master Schedule.

c. Contractor-furnished reports in the personnel and training PSEs will
only be developed to meet requirements justified by major rommands
on a valid "need to have" basis. Simplicity and austerity will be the
rule in development of such data. Duplication of data effort and un-
necessary information and detail will be avoided (see AFR 310- 1).

d. The PSEs described in this regulation are interdependent an•d will be
developed concurrently whenever possible. Preliminary elements
will be refined as permitted by development of the system.

e. The PS will be provided priorities compared with other elements of
the system or program.

f. Deviations which facilitate development of the necessary PSEs, or
save time or money, will be referred to HQ USAF for approval after
coordination with all interested commands /agencies.
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g. AISCGM 80=3, Handbook of Instructions for Aerospace Personnel Sub-
system Designers will be the primary source of informatioi, and
guidance for PS implementation; to the extent it does not conflict with
this regulation,

__ Personnel Subsystem Elements

The following PSEs are usually essential in developing a system or
program. The details of a PSE and its associated management milestones
will differ for each program and must be defino,-d, schedu)ed, prepared,
integr'ted, coordinated and accomplished as a team effort according to
AFI. 375-2. No rigid sequence is intended in the order of listing of the
PSEs as each is interdependent, and concurrent development is the rule
rather than the exception.

a. ?"rsnnnel/Equipment Data (PED):

PED is centrally controlled analytical da.a in the form of task and
equipment information. It defines the relationship between system
personr.el and system hardware, other PSEs, and the technical data
requirements of AFR 310- 1. PED is basic to, and provides nece.-
sart data for, preparing and/or developing other PSEs.

b. Human Engineering:

Human engineering is the application of knowledge of man's capabilities
and limitations to the planning, design, development, and testing of
aerospace systems, equipment, and facilities Lo achieve optimum per-
sonnel safety, comfort, and effectiveness compatible with system
requirements. It includes participation in the identification of require-
ments for, and in the design, development, and testing of, operator and
maintenance crew stations, personnel environments, layouts, controls,
displays, job procedures and performance aids. Humarn engineering
also provides Lasic information and data required in the development of
cother PSEs.

c. Life Support (LS):

Life support in Air Force systems development includes all areas re-
quiring special provisions for health promotion, safety, protection and
sustenance of personnel employed within the totOJ system complex.
Provisions for LS should be provided for both normal and _merge.Acy
optgrations of the system and pertain to both aircrew and ground per-
sonnel. IS is devoted to the physiological and psychological well-being
of man, after his role has been established within the overall program.
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Basic system design will be affected by the physiological or psycho-
logical characteristics of man. LS considerations will be included in
the earliest conceptual phase, As the program progresses, IS
requirements, i. e., equipment (proteative and survival) and proce-
dures, will be identified. An aggressive IS program, beginning with
the conceptual phase and continuing through to the establishment of
base health and safety progr'ams, is an Air Force requirement.
(See AFRs 30-5, 161-2, and 58-4.)

d. Quantitative and Qualitative Personnel Requirements Information
(QQPRI):

QQPRI is personnel subsystem• data used in planning for system per-
sonnel, training, and manpcwer. QQPRI reports will be developed,
integrated, and published u'nder the direction of AFSC with the assist-
ance of ATC, AFLC, and ýhe operating command(s). These reports
will be time-phased to m.net the requirements of ATC, AFLC, and

the operating commands as identified in the System Master Schedule.
QQPRI changes will be issued whenever significant changes in per-
sonnel requirements can be forecast during systemn/program develop-
ment and test. QQPFI is normally terminated at the end of the
acquisition phase or early in the operational phase. QQPRI is com-
posed of three parts, as follows:

(1) Part I. Oper'ations, Organizational Maintenance, and Field
Maintenance.

(2) Part II. Depot Level Support. (Produced only on specific requ±est
of AFLC. )

(3) Part III. Contractor Technical Services Personnel Criteria
(CTSP Criteria). This document includes long-range plans,
criteria, and guidance for the utilization of CTSP in support of
the operational employment of the system. It is prepared
according to AFM 66- 18.

e. Trained Personnel Requirements (TPR):

TPR is a tabulated list of personnel requiring system peculiar training
needed to support a system through the acquisition phase and is included
in the personnel training section of PTDP, P3PP, and SPP. It lists
these requirements for officers, airmen, and civilians by AFSC, grade,
month required, and command. Time-phasing is based on the date the
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individual is required in place in the development/tent, operational
and support units, The TPR is initiated during the conceptual phase
of program development, and refined in the PSPP at the conclusion
ot the definition phase and completed during the early acquisition
phase when QQPRI documentation in approved by HQ USAF. The TPR
is basic to the determination of training concepts and training plans,
and the computation of training costs.

f. Training Concepts,

The Training Concept which appears in the PTDP will normally reflect
personnel and training projections developed during the conceptual
phase and USAF guidance provided in SORs and specified ADOs. In
cases where the personnel training data is insufficient, the PTDP
will indicate appropriate requirements for personnel subsystem efforts
to be accomplished during the prograrmi definition phase. The Train-
ing Concept which appears in the PSPP reflects the combined efforts
of contractors' reaponses to the requests for proposals and work state-
ments of the program dcfinition phase and of in-house studies of data
available from the conceptual phase. Upon USAF approval of the
PSPP, the Trainin• Concept contained in section 10 PSPI-'/SPP becomes
the official souirce document for preparing training plans and 7ill be
kept updated as the system develops throughout the acquisition phase.

g. Manpower Authorizations:

A]Q USAF (AFGWO) normally allocates manpower authorizations by
Program Element Code (PEC) whenever a system appears in the force
structure, to fulfill the requir. nent of the F&FP for 5-year manpower
data. Subsequent PTDP. PSPP, SPP or QQPRI documentation reflect-
ing manpower estimates of the participating commands, must verify,
or provide basis for change to the initial authorizations, as well as
provide detailed individual specialty requirements such as tc' assure
that personnel are not trained-out prior to realistic need dates.

h. System Manning and Trained Personnel Requirements (SMTPR) Plan:

(1) The SMTPR plan will reflect the total time-phased system manning
and trained personnel requirements. Problems/solutions will be
shown in addition to required special action or deviationt. from
approved personnel policies, procedures and programming actions.
HQ USAF will use the plan in determining availability of personnel
resources ,'thin the Air Forre inventory for system support.
The System Manning and Trained Personnel Requirements Plan,
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as a separate document, will be based on the system documenta-
tion referenced in AFR 375-4, data available from operations,
training and logistics plans, QQPRI, and any other pertirent data.

(2) The SMTPR plan will include but not be limited to the following:

(a) A listing of data sources used such as program and planning
documents.

(b) Manning criteria-- command capability for required AFSCs
retainability, oversea eligibility, security clearance.
Explanation of why and/or how existing personnel resources
in system or units phasing out of the inventory should or
should not be used to meet the requirements of the new
system.

(c) Career Field Trained Personnel Requirements, tabular list-
ing of officers and airmen by AFSC (skill level designator
not required), command, and fiscal quarter required.

(d) ORT--tabular listing of officers and airmen by AFSC,
command c -id month required.

(e) Time-phased manning requirements by officers and airmen,
by AFSC, command and month required for input to training
and/or unit as applicable.

Training Equipment Planning Information (TEPI):

TEPI presents recommendations regarding the training equipment pack-
age defined in AFR 50-19. Copies of TEPI are provided to ATC, AFLC,
and operating command(s) agencies for review. TEPI provides a basis
for defining and identifying the components of the training equilment
package for inclusion in the PSPP.

j. Training Equipment Development (TED):

TED includes all actions required to define, program, budget, contract,
develop, produce, and acquire a system training equipment package
defined in AFR 50- 19. The TED will be defined during the definition
phase and will be developed and produced concurrently with the system
during the acquisition phase to insure timely availability to support
initial and follow- on training.
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k. Training Facilitieu:

Training Facilities as defined in this directive include all real estate
and buildings to be utilized exclusively in support of training programs.
Depending upon the nature of the system or program, facility require-
ments can range from the simple identification of in-being classrooms
to extensive modification of existing facilities and/or complex new
construction requiring additions to the Military Construction Program
(MCP). Tentative identification of training facility requirements will
be stated in the PTDP and refined during the project definition phase
for iclusion in thQ PSPP/SPP.

1. Technical Publications (TP):

For the purpose of this directive, TP are techrical manuals of Tech-
nical Order documents covered by AFR b6-7 which are needed to
support appropriate ATC training courses. Appropriate technical
p'ablications are required at the time specified and in quantities desig-
nated by the training agencies to support training on a given system,
subsystem, or a,:;Jor items of equipment.

m. Training Plans:

Career Field and ORT training plans are outarowtlm of the Training
concepts contained 4. the trainirg documentation ,PTDP/PSPP).
These plans will set forth in detail and methods, tiri,.-phasing and
requirements necessary to accomplish training in support of a system
or program. Although the objectives of career field and ORT differ,
the plans for each type of training will be coordinated to prevent
unnecessary duplication of training/training equipment and schedule
conflicts which could jeopardize programmed system test and opera-
tional dates. The schedules for training plan preparation and appioval
by Headquarters ATC, the preparation and approval of ORT training
plans by the operating command(s)/agencies, and known start and
completion dates of all training plans will be reflected in the master
schedule.

n. Personnel Subsystem Test and Evaluation (PSTE):

In keeping with AFR 80-14, the following policy and procedures will
apply to the test and evaluation of the PS through Category III test.
Formal coordinated testing will start during Category I testing and con-
tinue through Category III testing until it is verified that the system
can be operated, maintained, and supported by USAF personnel in its
intended operational environment. To insure effective evaluation, con-
sistent with overall system test objectives, a coordinated PSTE plan
will be identified in the approved test plan for each system.
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I
APPENDIX IV

TESTING/EVALUATION OF AIR FORCE SYSTEMS,
SUBSYSTEMS, AND EQUIP'MENTS: AIR FORCE

POLICY AND REQUIREMENTS (SOURCE: AFR 30-14)

_ A, Objectives of Testing/ Evaluation

In general, the objectives of testing and evaluation are to:

a. Measure and assess accomplishment of development objectives.

b. Assure that systems and equipment meet established requirements.

c. Obtain a true indication, forecast, or verification of the actual perform-
ance capabilities of any given system, subsystem, or item of equipment
in as realistic an operatioral environment as practictble.

d. Insure through effective ter'ting timely integration of operationally ready
systems and support items into the active inventory in a logical order
from conceptual phase through acquisition into the operational phase.

e. Detect operational and engineering deficiencies in 'ime for changes to-
be incorporated prior to significant production build- up. Insure that
changes to operational equipment meet the required objectives or that
necessary trade-offe are identified.

f. Maintain and enhance organic capability for evaluation of systems and
equipment developed to meet Air Force needs.

g. Provide testing services for Ai.- Force agencies and non-Air-Force
agencies requiring technical krowledge, capabilities, or facilities which
exist primarily within USAF rnsearch and development agencies.

h. Provide data and operational analyses for application to current and fu-
ture systems and system stueies.

i. Evaluate the over-all logiptic capability, scope, and effectiveness as pre-
scribed by appropriate sippcrt procedures, plans, and planning factors,
developed concurrently with system evolution. Acquire and evaluate data
to-

(1) Verify and refine logittic procedures, plans, and/or planning factors.
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(2) Enhance prospactive support planning,

(3) Identify areaa which will require additionul impetus to insure inte-
grated. effective system(s) logistic support.

J. Identify and assess manpower spaces and personnel resources necessary
to support systems and equipment.

k. Provide training planning information, technit.al information, and task an-
alysis dat& for the purpose of validating training and t raining programs.

1. Inteprate hardware, software, and manpower into a, entity that meets
requirements most effectively (primarily for "L" systems).

B. Plicies and Procedures

a. In no instance --ill tests be conducted without evaluation. However,
evaluation may be conducted without current testing because of data
available froni earlier tests or other sources which may suffice, thus
saving time and resources.

b. Teso andl evaluation will be documented and treated as a part of the sys-
tem fkcquisition, research and development program, operational test,
or engineering service effort with which it is identified.

c. Consideration will be given to the use of available commercial items in
lieu of developmental itenns, wherever practical.

d. New and modified systems or suppurt items, including nuclear wea•pons

and associated equiprment, will undergo test and evaluation during acqui-
sition to determine if they meet established requirements and are:

(1) Technically eouil, reliable, and safe for service use.

(2, Functionally operable, reliable, maintainable, and compatib.,. withI other systems or equipment in the environment in which the items
will be employed.

(3) Able to be maintained with a minimum expenditure of resources con-
p sistent with operational requirements, e.g., manpower, support and

test equipment, special tools, training, spare parts, and special
facilities.

(4) Capable of being operated and maintained by Air Force personnel
after completion of prescribed traixiing.

1
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(5) Compatible with associated warheads and other armaments as
applicable.

(6) Designed to be as free as possible from design features or pro-
cedures that will evoke personnel errors in operation or main-
tentnce.

(7) Capable of being transported by programmed m.•ode of transporta-
tion and stecific carrier equipment. Requirements of AFM 75-2
will be included as early in the test program as is feasible unless
specifically exempted by HQ USAF.

(8) Designed to permit maximum ease of accessibility to equipment
requiring replacement, servicing, adjustment, or calibration.

e. Test pi,)grams during the acquisition phase (Category I and II) of a give:n
series of a system or item of equipmont will be corducted under the
control of the AFSC System/Equipment Program Director as appropriate.
System tests will be performed by a test force or forces at one or more
locations which include all agencies involved in the system.

f. Operational testing and evaluation will be scheduled for all systems,
applicable subsystems, and operational support items subject to status
classification (AFR 80-6). Operational support items developed in
support of a validated Operational Support Requirement (OSR) w".ll be
tested by AFSC prior to operational testing by arm Operating Command
(AFRS 57-3, 80-2). Except for Strategic Ballistic Missile Testing
(see paragraph 7), operational testing, but not evaluation, may be

waived by the Operating Command if sufficient test data are obtainable

from other sources.

g. Follow-on developmental tests may be required when significant changes
are made in system capability, new subsystems or components are
added, a system is integrated into a new environment, or changes to
correct deficiencies are made, and test articles are not available dur-
ing the normal test cycle; or when analysis of test data dictates verifi-
cation of previously conducted tests. Provisions for such testing must
be considered throughout the acquisition process (Category I and II) and
planned, programmed, an' executed with the priority and emphasis
afforded the overall system.

h. Consideration will be given to joint experimental testing with other
Services (Army, Navy, and Marine Corps) in order to insure that Air
Force systems are capable of operating in a joint environment.
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i. Maximum use will be made of existlng test facilltles and capabilities
which can be made available by AFSC, the contractor(s), the par-
ticipating commands, and other Government agencies. The most
realistic operational environment attainable will be used for develop-
ment and operational testing. Testing will be consolidated when
fteaibla to avoid duplication. Maximum use will be made of test
data available from other sources or obtained during early stages of
development testing.

J. Provisions will be made for early and progressively increasing Operat-
ing and Supporting Command participation in system and subsystem
development test and evaluation. This is necessary to provide
familiarization, training, and experience required to achieve the ear-
liest operational and logistic support capability. Included ,re Engi-
neering Inspection Boards (AFR 80-28) and Configuration Control
Boards (AFRS 57-4 and 65-3).

k. Systems and items allocated for the test inventory should be produced
as rapidly as possible to permit adequate testing. Necebsary changes
disclosed by testing will be incorporated into production articles at
the earliest practicable date.

1. Allocation and c'2livery of test equipment, test support equipment, or
spares for systems undergoing test (Category I and II) will hu-ve
prqcedence over production, training, or operational rec'uirernents
for all equipment or personael, except when otherwisr directed by HQ
USAF.

C. System Testing and Evaluation

System teat programs will normally be conducted in two functional categories
during the acquisition phase, and one category during the operatirnal phase
(except for Strategic Ballistic Missiles). These are:

a. Category I--Subsystem Development Test and Evaluation-- consists of
development testing and evaluation of the individual components, sub-
systems, and, in certain cases, the complete system. In addition to
qualification, the testing provides for redesign, refinement, and

re-evaluation as necessary, including the practicality of utilizing cur-
rent standai d and commercial items. These tests are conducted pre-
dominantly by the contractor but with Air Force participatipn, evalua-
tion, and control exercised through AFSC. Specific examples of test

objectives are the determination of:

(1) Performanae, reliability, and integrity of individual components.

I

11



(Z) Cogmpaibillty, reliability, ,nd adequacy lf Government Fur-
nishod Equipment (OFE), G vernment Furnished Aerospace
Equipment (GVAE), commercial equipment, or standard Air
Force *tkrr'- for incorporation into the. system.

(3) Preliminary operating characteristics and qualitative adequacy
of the ayitern, subsystems, and components.

(4) Prelimin&'a y performance, stability, control characteristics,
and general airworthiness (as appropriate) of the aerospace
vehiclea, or similar criteria determination for electronic and
support syra ems /equipment.

(5) Preliminmry compatibility, adequacy, supportability, and relia-
bility of Aerospace Ground Equipment; Ground C-E-M; and
commorcitl ground C-E and comnjputer equipment.

(6) Preliminary maintainability and transportability characteristicF

of components and aubsystems.

(7) Preliminary validity of personnel and training planning informa-
tion used for personnel skill identification and development of
manning documents, training and training equipment require-
ments. Additional requirements to insure personnel and training
support will also be determined. Whtnever feasible, formal

training will be evaluated (see AFR 30-8).

(8) Preliminary identification and investigation of safety criteria

for explosive ordnance and any safety problems which must be
resolved before initial operational capability is established.

(9) Necessary data for preliminary handbooks/technical manuals.

(10) Preliminary evaluation of the overall logistic plans, policies,
and procedures to insure consonance with the logistic concept.

(11) Evaluation of new design or updating changes.

(12) Adequacy of preliminary health hazards data and precautionary
information.

(13) Procedures for prevention of and/or recovery from potentially
catastrophic situations (missile and space launches, etc.).
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b. Category M==Systom Development Test And EvalWition--consist* of
testing and ealuaion spdnning the integration of subsystems into a
complete system in as near an operational configuration as is prac-
ticable. Suitable instrumentation will be employed to determine the
fuintional capability and compatibility of subsystems. Cattiory I1
is a joint contractor-Air Force effort under Air Force control durinj
which the Air Force etfort becomes predominant with ever-incre•,aing
operating and supporting command pioticination. Actual tevt opera-
tion and mnaintenance should be performed by military porsoi ,el who
have received formal system training. It is usually culminated with
tho demonstration effort required to complete the development por-
tion of the acquisition phase of a system pr,•gram. Specific examples
of toat objective, areo

(1) Determine that the system/equipment meets established require-
ments and specifications for performE ce, control, maintenanct,
safety, reliability, etc.

(2) DeN e the operational configuration.

0() Determine, dedelop, and test updating changes that are necessary
to meet approvcd performance requirements.

(4) Refine logistic procedures and policies.

(S) Verify and validate required technical data. This term is inter-
preted in its broadest scope and will include prints, drawings,

S handbooks, manuals, technical documents, and other related
•' publications.

S(6) Evaluate now design changes before incorporation into the pro-
duction system.

(7) Determine capabilities, limitations, and safety characteristics,
under actual or simulated climatic conditions by ground and/or

£ flight tests (as appropriate). These tests will b,! designed to
yield both engineering and handbook data.

* (B) Provide familiarization, experience, and limited training to
Supporting and Operating Command personnel. However, pri-
mary test objectives will remain paramount.

(9) Demonstrate in the most realistic environment practicable that
the complete system is operable, maintainable, and transportable

121



as ap-,propri4te) with approved and minimum hupport and test
equilunent, personnel, training, special tools, spare parts,
tochnical data, and ,pecial facilitites.

(10) Dete@rmine the adequacy of the Personnel Subsystem (AFR 30-8)
and -Accelerate actions when changes in rersonnel training and/or
manning for the system in its operittionvl environment are re-
quired. Verify that personnel subsystem periorn'aance is ade-
quately supported by equipment design, tools, technical data,
job envirmnment, training, persor-l selection, manning and
orianiaation control procedures.

(11) The Category 11 Test and Evaluation shall not be considered
c,3nplete until one of the following has takon place:

•a) Performance requlrements asi directcd by HQ USAF
(Specifiv Operational Requirement, Development Directive,
or Operational Support Requirement, etc. . as applicable)
have been met, and it has been demonstrated that qualified
Operating Co-m-ancd pers•n•l can effectively prepare,
operate, and maintain the syntem utilizing only authorized
equipment and technical procedures and data.

(b) HQ USAF has officially relieved AFSC of performance re-
quires .mts that have been recommended for deletion duL
to Advantageous trade-offs of cost or program schedule.

(c) The Operating Command and AFSC both agree there are
minor areas of performance remaining that cannot be
demonstrated within a reasonable time period. These may
be caused by such things as long lead time ,:omponents, or
recent engineering changes that are not available, or ex-
tended tests and evaluations that rely on long time periods
of data gatheri..g, etc. A formal agreement must be ren-
dered among the Operating Command(s), AFSC, AFLC, and
ATC defining the uncompleted areas and showin, how they
will eventually be tested.

c. Category IlI- -System Operational Teost and Evaluation• Progra., -- con-
sists of test and evaluation of operational systems under the c.- trol
and direction of the Operating Command. These tests shall include
all components, support items, personn' skills, technical data, and
procedures and shall be performed under as near operational condi-
tions as practicable. Suitable instrumentation will be employed in
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order to a'koqUAtey OV4111,t@ test reiultl, CAtgR"y III tr'otinn will
be i ondu•ted utiliaing a configuration as jointly agreed by the 0n#rat=
in# Command and AFSC/AM 1C, The toot will be conducted in

aecordarvc with a sp••ific tevt plan or order designed to meet the
ot.jetives of all participants, Tho toat force asio and composition
will be as mutually agreed in th, Operational Test and Evaluation Plan

or Order. Accomplishment may be performed at Operating Cornm
mand, AFSC, or other available installation* as circumstances dic-
tate. Specific examples of test objectives ari.:

(1) Determine and improve the opeoritional capabilities of the sys-
teon and develop the most offoctlve operational tactics, iech-
niquesa, doctrine, ind standards.

(2) Dxtermine any operational deficiencies and/or hmitations and
pr=ovide quitntitativo and qualitative data for product improvement

pogr'ams.

(3) Evaluate the logistic syxtfem and capability. Acrioh i, supplemental
logistic data on:

(a) The rate of parts- c onstmption, maintenance and suppc.rt

facility requirements obtained during prvious tests,

(b) Adequacy of off-the-shelf equipment, as applicable;

(c) Supportability of commercial equipment incorporated in the
system;

(d) Compatibility of equipment and components with transporta..
tion equipment plLnned for use in support of the equipment.

(4) Determine the udequacy of trained peri'rnnel to operate and main-
tain the system in it# operational environment. Take action to
reelsf the personnel subsystem and related training programs
and/or manpower documents and authorizations when validated
test results so indicate.

(5) Obtain supplemental data relative to operational and/or support
requirements in terms of personnel; maintenance; supply;
transportation; packaging and materials handling; training;
special tools, test and support equipment; special facilities;
general performance standards.
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(6) Determine the adequacy of technical data and prcvide i'fcrma-
tion for early corrections or additions, as found necessary.

(7) Supplement and refine reliability data.

(8) Determine the adequacy of health protection, life support, and
medical and safety procedures, directives and equipment.

(9) Verify configuration status and reporting system between AFLC
and supporting command where mechanized system of accounting
is used.

(10) Insure that acceptable reliability factors are attained.

D. R&D Project Test and Evaluation

a. Test and Evaluation involved in the Research and Development program
(Research, Exploratory Development; Advanced Development, Engi-
neering Development, and certain Management and Support items) will
be administered and conducted as an integral part of research or
development projects with which identified. Criteria by program area
are:

(1) Operational Support (normally a segment of engineering develop-
ment). Testing and evaluation associated with operational support
items from relatively simple development and operational testing
of minor support items to large-scale efforts equalling those
involved in system acquisition.

(a) Testing of Operational Suppo t items will include:

1. Development Testing and Evaluation to achieve objectives
similar to those noted in Category I and II system develop-
ment testing, as appropriate for operational support
development.

2. Operational Test and Evaluation to achieve objectives
similar to those noted in Category III system operational
testing, as appropriate-for operational support development.

(b) Subsequent to the completion of development, test, and status
classification of an operational support item, it may be speci-
fied for application to one or more new systems under develop-
ment. Additional testing to-determine compatibility in the
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new system environment may be required and is not
considered duplicative.

(2) Advanced Development- -Engineering Development (other than
Operational Support) and Test Instrumentation:

(a) Devalopment Testing and Evaluation will be performed to
achieve objectives of the type specified for Category I and
II system development testing, as appropriate to advanced
subsystem, component, and test instrumentation development.

(b) An outline of testing and experimentation necessary to ac-
complish the proposed development will be included in the
planning documentation specified in AFR 80-27. As with
Exploz atory Development and Research projects, state-
rnento of resources and facility requirements will be
provided.

(3) Exploratory Development and Research Projects:

(a) Research Testing or Experimentation will be performed to
verify hypotheses and proposed solutions to operational
needs or to measure phenomena in the acquisition of new
knowledge, as appropriate, but not beyond the intent as
included in AFR's 80-27 and 80-4.

(b) An outline of testing and experimentation necessary to ac-
complish proposed research will be included in the planning
documentation specified in AFR 80-27. Resources and
facilities required for performing the testing and experi-
mentation will be included in the documented plan.

E. Engineering Services Test and Evalua~ion

Testing services, provided to Air Force and non-Air Force agencies requir-
ing technical support, facilities, and knowledge which exist primarily within
USAF research and development agencies will be considered as engineering
services. These services, which are not identifiable with an approved Air
Force research and development program, will be provided in accordance
with applicable support agreements or the importance of the task as deter-
mined, by precedence rating, national interest, or as directed by HQ USAF,
to support:
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a. Operational engineering activities, which include "Unsatisfactory
Report" engineering, modification engineering, re-procurement
support, and evaluation of inventions and techniques.

b. Engineering support of other Air Force and DOD agencies, Govern-
ment (including AEC and NASA) and industrial agencies.

c. The Defense Standardization Program (AFR 73- 1).

F. Strategic Ballistic Missile Testing

In addition to the provisions of this regulation, certain testing identifica-
tion and terminology will apply exclusively for reports to JCS/OSD on
stratzgic ballistic missile testing. As shown in attachment 1, these
included R&D tests (equivalent to Category I and II), DASO tests (equiva-
lent to Category III); plus Operational tests and Follow-on Operational
Tests, which are explained as follows:

a. Operational Tests. Testing ond evaluation of systems reliability for
Single Integrated Operations P'an (SIOP) of operational systems com-
mitted to the SIOP. The objectives of these tests, conducted by the
Operating Command, are to det -rmine the readiness, launch, inflight
reliability, and accuracy of each weapon system. A sufficient nurr ber
of tests will be conducted to achieve the objectives with the confidence
levels as directed. Operational Tests will be accomplished subse-
quent to DASO tests and will be conducted in as near an operational
environment as possible. Units and missiles tested will be represen-
tative of each respective missile force. Specific objectives will be
identified in a Test and Evaluation Plan (for each weapon system) sub-
mitted to EQ USAF for approval.

b. Follow-on Operational Tests. These tests consist of continuing test-
ing and evaluation by the Operating Command. The objectives of these
tests are to insure that the reliability of each respective weapon sys-
tem is preserved and planning factors remain valid for continued SIOP
use. Any additional objectives will be identified in the Test and Evalua-
tion Plan (for each weapon :system) submitted to HQ USAF for approval.
These tests will sample each ballistic missile weapon system on an
annual basis. Tests will be conducted in sufficient number under an
ope•rational environment representative of the missile force to reveal
any change in weapon bystem performance.
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APPENDIX V

COGNIZANT PERSONNEL WITH WHOM DISCUSSIONS
WERE HELD DURING THE SURVEY

Name Affiliation

J. Adams SEMP
Wright-Patterson AFB, Ohio

Capt, T. Aldrich, USAF SEMP
Wright-Patterson AFB, Ohio

C. Bates Behavioral Scienceii Laboratory
Wright-Patterson AFB, Ohio

L. Becket General Dynamics Corp.
Ft. Worth, Texas

H. berridge Air Proving Ground Center
Eglin AFB, Florida

C. Bishop 416M System Program Office
L. G. Hanscom Field
Bedford, Mass.

J. Blank The Boeing Company
Vandenberg AFB, California

J. Booth The Boeing Company
Seattle, vVashingtcn

K. Borchers Space Technology Laboratories
Los Angeles, California

W. Chase Space Technology Laboratories
Los Angeles, Californla

B. Cohen MacDonnell Aircraft Corporation
St. Louis, Missouri

J. Coules Decisiou Sciences Laboratory
L. G. Hansconm Field
Bedford, Massachusetts
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Name Affliation

C. Crites MacDonnell Aircraft Corp.
St. Louis, Missouri

Lt, Col. 0, Crosier. USAF ATTWP
Wright-Patterson AFB, Ohio

C. Devine Satellite Control Facility
Sunnyvale, California

J. Donaldson The Martin Company
Denver, Colorado

J. Dorton MRPTP
Wright-Patterson AFB, Ohio

J. Edelman Grumman Aircraft Engineering Corp.
Bethpage, Long Island

0, Eckstrand MRPT
Wright-Patterson AFB, Ohio

Mildred Ehglish _ The Boeing Company
Seattle, Washington

G. Evans General Dyniamics Corp.
Ft. Worth, Texas

B. Fulk General Dynamics Corp.
Ft. Worth, Texas

Gloria Grace System Development Corp.
Santa Monica, California

C. Gustafson SEPSM-RTD
Wright-Patterson AFB, Ohio

Capt. J. Harris, USAF C-141 Personnel Subsystem
Test Office
Edwards AFB, California

G. Hayes Lockheed Aircraft Co,
Marietta, Georgia
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Name Affiliation

S. Heckert Blehavioral Sciences Laboratory
Wright-Patterson AFB, Ohio

J. Hyde The Martin Company
Denver, Colorado

A. Jeffers SEMZ- 1

Wright-Patterson AFB, Ohio

E. Jones MacDonnell Aircraft Corp.

St. Louis, Missouri

Lt. t•ol, W. Jones, USAF Titan I System Program Office
Norton A FB
San Bernadino, California

Capt. H. Kagan, USAF Space Systems DivisiolL (3SOT)
El Segundo, California

S. Kaplan SEMP
Wright-Patterson AFB, Ohio

Lt. C. Kreunen, USAF C-141 Personnel Subsystem

Test Office
Edwards AFB, California

L. La Porte Autonetics Division
Ford Motor Company
Downey, California

R. Leadingham MacDonnell Aircraft Corp.

St. Louis, Missouri

E. Levin Grumman Aircraft Corp.
Bethpage, Long Island

J. Manglesdorf Lockheed Aircraft Company

Sunnyvale, California

R. Martel Sylvania Electronics Corp.
Waltham, Mass.
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Name Affiliation

E, Martin Lockheed Aircraft Cc)mpany
Marietta, Georgia

W. McAbee General Dynamics Corp.
Ft. Worth, Texas

C. McLean SEMP
Wright-Patterson AFB, Ohio

J. Moore MacDonnell Aircraft Corp,
St. Louis) Missouri

E. Miller The Martin Company
Denver, Colorado

Sara Munger American Institutes for Research

Wash;ngton, D. C.

S. Murdock Boeing Company
Seattle, Washington

W. Oberthorn Grumman Aircraft Engineering Corp.
Ft. Worth, Te.xa•s

H. Organ Satellite Control Facility
Sunnyvale, California

H. Oskaptan Grummar. Aircraft Engineering Corp.
Bethpage, Long Island

Maj. J. Reed, USAF Satellite Control Facility
Sunnyvale, California

Maj. S. Reed, USAF Space Systems Division (AFSC)
Inglewood, California

E. Rieck SEMP
Wright-Patterson AFB, Ohio

J" Ring MRO
Wright-Patterson AFE, Ohio
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Name Affiliation

i. Roberts System Development Corp.
Bedl¢rd, Mass,

Lt. D, Rooh, USAF Minuteman System Program Office
Norton AFB
San Bernadino, Calif.

( Capt. C. Scoggins, USAF Electronic Systems Divit xon (AFSC)
L. 0. Hftndmor Field
Bedford, Massachusetts

M. Snyder Behavioral Sciences Laboratory
4 Wright-Patterson AFB, Ohio

* P. Sprey Grumman Aircraft Engineering Corp.
Ft. Worth, Texas

Lt. Col. W. Stobie, USAF Air Proving Ground Center
Egiin AFI3, Florida

0. stout Titan II System Program Office
Norton AF3
San Bernadi,o, California

R. Turner The Boeing Company
Snattle, Washington

B. Wolin Systems Development Corp.
Santa Monica, California
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No. 13, Missiles and Space Systems Engineering, Douglas Aircraft
Company, Inc., Santa Monica, California, January 1959.

527. Minuteman Human Reliability Ballistic Missile Workshop, Symposium
and Workshop on the Quantification of Human Performance, TRW/
Space Technology Laboratories, Norton AFB, San Bernardino,
California, August 1964.

528. Minuteman Test Document GWS- 1--Weapon System Start-up: Command
Status and Communication, Sylvania Electronic Systems, Waltham,
Massachusetts, October 1963.

529. Missile and Ground Support Equipment Launch Position Checkout,
Inspection and Troubleshooting, Human Factors Schedule No. 7,
Douglas Aircraft Company, Inc., Santa Monica, California,

August 1959.

530. Observer/Evaluator Handbook, PSTE Operating Procedures: MLRR
T&E, Operating Procedures, SM-68B Titan II, (The Martin Company),
Vandenberg AFB, California, June 1963.

531. Operating Procedures, Ground Electroni. System, WS-133B,
Sylvania Electronic Systems, Waltham, Massachusetts.

532. Personnel Activities Evaluation Report for March 1963, CR-63- 105,
Systems Operations Section, Systems Engineering Department,
Martin Company, Denver, Colorado, April 1963, AD 403-278.
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MMirsil Syritm Reference@ (continued)

$33. Pe•.onnel Subsystem Basic Data, Type 1, Integrated, Malfunction
Isolation PrXcedures for WS 1o7C 1GS (SUA), CR-i6!- 16(Volume iX)
Rev, 4, Martin Company, Denver, Colorado, December 1962,
AD 415-624.

534. Personnel Subsystem Test and Evaluation SOP for Program 279,
ARROSPACECOM, Bedford, M.assachusetts, 1963.

535. Personnel Subsystem Test and Evaluation of Program 279: Interim
rational Capability (IOC) Final Report, AEROSPACECOM Report,

Bedford, Massachusetts, July 1963.

S36. Personnel Subsystem Test and Evaluation: Systems Analysis Data
Addendum to Test Cycle Report on Mis ile SM68-i1 , CR-63-43,
Addendum No. I, Martin Company, Denver, Colorado, March 1163,
AD 405-385.

!53. Personnel Subsystem Test and Ewluation: Test Cycle Report oil
Missile SU,68-ll, Report No. CR-63-43, Martin Company, Denver,
Colorado, February 1963, AD 405-382.

538. Peters, G. A. and Hall, F.S. Missile Systm Safety: An Evaluation
of System Test Data (Atlas MA-S Engine System),. ROM 3181- 1001
(R-5135), Rocketdyne, Division of North American Aviation, Canoga
Park, California, March 1963.

539. Power Generation and Distribution System DPT Checkout, Inspection
and Txouble shootin', Human Factors Schedule No. l5e and 15f,
Douglas Aircraft Company, Inc., 3anta Monica, California, May 1959.

540. Revised Work Statement: Personnel Subsystem Basic Data Program
for the Atlas Missile, GM 6300.5-653, TRW Space Technology
Laboratories, Los Angeles, California, August 1960.

541. Saylor, J. W. and Bosch, F. M. Operability/Maintainability Plan,
MC-Z-4-6160, Sylvania Electronic Systems. Minuteman Program
Office, Waltham, Massachusetts, December 1963.

542. Segment V - Servicing, Replacement and R.epair at the Launch r'osi-
tion, Human Factors Schedule No. lib, Missiles and Space Systems
Engineering. Douglas Aircraft Company, Inc., Santa Monica,
California, July 1959.
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S43. Statement of Work; Contractor Support - Category II Hurnan Factors
Field Study (MACE); Report No. USAF 7099, Martin Company,
Denver, Colorado,

S44. Stainert, J. R., Blank, C. J. and English, Mildred. Integrated Support
System Test Elan, Coordination Draft, Report No, D2-30053-6,
The Boeing Company, Seattle, Washington, March 1965.

545. Technical Operating Report: MLRR T&E Plan for TF-2: Weapon Sys-
tem 107C, Titan II, CR-62-2 (Vol. III), Rev. 1, Martin Company,
Dznver, Colorado, February 1963.

546. Titan II. Cate2orv II: Observer (';valuator Handbook PerszawV1_S1-
system Test and Evaluation, SM. 68B, Titan II, Martin Company,
Vandenberg AFB, California, July 1963.

54'•. Titan 'I Inertial Guidance Systcm (IGS) Maintenance Subsystem (MSS)
Model Information Packet, AC Spark Plug Division of General Motors
Corporation, Milwaukee, Wisconsin, November 1963.

548. Weapon System Personnel Subsystem Test and Evaluation Plan for
TF-2, Weapon System I07C - Titan II, CR-62-2 (Vol. II) Rev. 1,
Martin Company, Dea•ver, Colorado, February 1963.

549. Winnier, A. On-Site Figure A Timelines Data for Support of 2nd Main-

tenance Loading Conference, Sylvania Electronic Systems, Waltham,
Massachusetts, July 1963.

Electronic System Refererces

550. Adams, 3. A. and McAbee, W. H. A Program for Evaluation of Human
Factors in Category II Testi. of Air Weapons Control System 412L
(Phase II Coafiguration), PGN Document 62-I, Air Proving Ground
Center, USAF, Eglin AFB, Florida, May 1962.

551. A Typical Test Plan for Electronic Systems, Report No. ESDP 375-2,
L. G. Hanscom Field, Bedford, Massachusetts, March 1963.

552. Bermudez, L. Component Performance Test Procedure for Console,
Data Display OA-4578/GSA-51, BUC-63-4-2103B, Burroughs Cor-
poration, Radnor, Pennsylvania, June 1964.
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zlectronic System Refsorencea (coritinued)

5533, eridse, H. L, AGuide for Measurement of Operator Proficienicy,
in the 412L Air W_ pons Control System, PON Document 63-6,
Air Proving Ground Ccnter, Eglin AlT, Floridn, Noventbor 1963.

S54. Berridge, H, L. Determination of System Effectivencsj (AN/TSQ-
47Th R&D A-8, Air Proving Ground Cen.•r, Eglin AFB, Florida.

SS5. BUIC Test Plan and Test Concept AN/GSA-51, Report BUC-905-003,
Revision C, Burroughs Corporation, Radnor, Pennsylvania,
October 1963.

556. Busch, A. C., McNair, R. 4'. and Kirby, F. J. The Data Flow A,.aly-
sin of a Mobile ATC Aid, Final Report, RAD- TR- 62- 34, AVCO
Corporation, RAD Div., Wilmington, Massiachusetts, August 1962.

557. Category I and II Test fteport for-Around- the-Base Display of Local
Weather, Report No. '#SC E-34, United Aircraft Corporation,
Farmington, Connecticut, September 1963.

558. Category II Test of Meteorological Radar Set AN/FPS-68, Report
No. WSC E-22, United Aircraft Corporation, East Rartford,

Connecticut, Dec,.mber 1962.

559. Category II Tes. Report for Meteorological Station, Manual AN/TMQ-

16, Report No. WSC E-32, United Aircraft, Farmington, Connecticut,. April 1963.

560. Chambers, A. N., Andrcassi, J. L. and Lewin, E. (Eds.) Quali-
tative Personnel Requirements Information for Project 465L, IEC
Report No. 20046, International Electric Corporation, Paramus,
New Jersey, June 1961.

561. Coules, J. and Stuntz, S.E. Human Engineering Evaluation of a
Mobile Air Traffic Control and Communication System, AN/TSQ-47,
ESD-TDR-63-656, DSL, AF Systemt Command, L. G. Hanscom Field,
Bed-ford, Massachusetts, December 1s3.

562. Eckenrode, R. T. Notes on 4731, System Design (U), Memorandum
61-1-4, Dunlap and Associates, Inc., Stamford, Connecticut.
January 1961 (Secret Report).
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563, Frost, C, F, and Price, W. E•, Evaluation of Human En.Ineer4.ng An-
poct@ of Technical Control Centerus Report No, SCD 21560, Radio
Corporation of Amer* a, CaFmdn, Now Jersey, April 1960,

564, Funwtional1 Arrangement of the NORAD Combat Operations Center
_uid _ ; and Associates, Inc., Stamford, Connecticut,

October 1959 (Secret),

56S. Functional Requirements for the NORAD Combat Operations Center,(U), Dunlap and Associates, Inc., Stamford, Connecticut. October 1-958
(Secret.,

566, Gruber, A. et al. Field Testing of Air Weapons Control System 412L-
Phase I, Report No. AFESD-TR-61 27, Dunlap and Associates, Inc.,
Darien, Connecticut, June 1961,

567. Human Engineering Report: Air Traffic Control/Communications S s-
tern AN/TSQ-47, Report No. CR-62-54S- 7, Aerospace Communications
and Controls Division, Radio Corp. of America, Burlington, Massa-
chusetts, September 1962.

568. Human En ineering Report No. 2: ATC/Communications System AN/
TSQ-47, Report No. CR 62-548-17, Aerospac'e Communications and
Controls Division, Radio Corp. of America, Burlington, Massachusetts,
Dncember 1962.

569. Human Engineering Report No. 3: ATC/Communications System AN/
TSQ-47, Report No. CR 63-548-20, Aerospace Communications and
Controls Division, Radio Corp. of America, Burlington, Massachusetts,
March 1963.

570. Human Engineering Report No. 4: ATC/Communications System AN/
TSQU-47, Report No. CR 63-348-26,, Aerospace Communications and
Controls Division, Radio Corp. of America, Burlington, Massachusetts,
June 1963.

571. Human Factors Test Program: Category II, Phase I for the 465L Sys-
tern Test Facility, Dunlap and Associates, Inc., Darien, Connecticut,
October 1960.

572. Human Factors Test Program: Data Presentation Subsystem Data
Processing Central: Category II, Phase 1. for the 465L System Test
Facililt, Dunlap and Associates, hic., Darien, Connecticut,
February 1961.
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Electronic System References (continued)

5?3. Keenan, J.J., Gradijan, J. and Dunlap, J. W. AN/GLR- I MRC
Operational Test Program Report: Training and Test Design for
Human Factors Evaluation at Site II, Final Report No. 62- 14-FR,
Dunlap and Associates, Inc., Darien, Connecticut, March 1963.

574. Marks, M. R. A Review of Research on Personnel Evaluation Tools
for the rage System, ESD-TN-61-49, P-sychological Research Asso-
ciates, Division of The Matrix Corporation, Arlington, Virginia,
April 1961.

575. Minutes of Coordination Meeting on PSTE Procedures for AN/FSR-2
Test Plan, 496L SPO, L. G. Hanscom Field, Bedford, Massachusetts,
May 1964.

576. Newlands, E. and Grace, Gloria L. Computer-ba,,ed Methodology for
System Development Site Production and Reduction System, SP- 1070,
System Development Corporation, Santa Monica, California, April 1963.

577. Performance Measures Report: Air Traffic Control/Communications
System AN/TSQ-47, Report No. CR-62-548-9, Aerospace Communi-
cations and Control Division, Radio Corp. of America, Burlington,
Massachusetts, November 1962.

578. Preliminary Design Specifications for the NORAD Combat Operations
Center Building, (U), Dunlap and Associates, Inc., Stamford,
Connecticut, January 1959 (Co

579. Preliminary Design Specifications for the NORAD Operations Center
Building, (U), Dunlap and Associates, Inc., Stamford, Connecticut,
July 1959 (Confidential).

580. Preliminary Statement of Requirements for the NORAD Combat Opera-
tions Center, (U), Dunlap and Associates, Inc., Stamford, Connecticut,
July 1958 (Secret),

581. Proposed Personnel Subsystem Test Evaluation Plan for 483L, Report
No. 203, Hughes Aircraft Company, Culver City, California,
March 1963.

582. Qualitative and Quantitative Personnel Requirements Information for
AN/TSQ-47 Air Traffic Control/Communications System, Radio Corp.
of America, Burlington, Massachusetts, April and June 1963.
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Electronic System References (continued)

583, Report of Aircraft Loading AN/TSQ.-47Subsysten , ICA Report No. TR
47 P4, Aerospace Communications and Controls Division, Radio
Corp. of America, Burlington, Massachusetts, March 1964.

584. Report of Assembly/Disassembly Tests on Subsystems L± AN/TSQ-
47, RCA PRport No. TR-47-PI, Aerospace Communications and Con-
trols Division, Radio Corp. of America, Burlington, Massachusetts,
March 1964.

585. Report o. Flight Test on Air Traffic Control/Communications Sys-
tem AN/TSQ-47, RCA Report No. TR 47 PZ, Radio Corp. of
America, ASD, Burlington, Massachusetts, March 1964.

586. Revisions for Qualitative and Quantitative Personnel Requirements
Information for Project 465L, ITT Kellogg, Division of International
Telephone and Telegraph Corp., January 1962.

587. Sage Air Surveillance Branch Track Initiation - Monitoring Test, ERC
Project No. 53, Educational Research Corporation, Cambridge,
Massachusetts, June 1959.

586. Strategic Air Command Control System Personne'1 Subsystem Test
Progress Report, FSD-TDR-64-384, Electronic Systems Division,
AF Systems Command, Bellevue, Nebraska, June 1964.

589. System 473L, U.S. Air Force Headquarters Control System, Human
Engineering Analysis Report, (U), Memorandum No. 61-1-7, 473L-
TM-091, Dunlap and Associates, Inc., Stamford, Connecticut,
April 1961.

590. Test Plan for Category 1I Testing of System 416M, The 416M Test
Force, L. G. Hanscom Field, Bedford, Massachusetts, November
1963.

591. Test Plan for Category II Testing of System 482L, AN/TSQ-47,
Emergency Mission Support System, Air Proving Ground Center
(AFSC), Eglin AlB, Florida, September 1963.

592. The Requirement for a Blue-Suit Computer Programmer Capability
for Command and Control Systems, Part I of 2 Parts, Electronic
Systems Division, L. G. Hanscom Field, Beaford, Massachusetts,
June 1964.
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Electronic System Reterences (continued)

593, TrAiniln Equipment Planning Information (TEPI), Report No, CR- 62-
5485=9 ATO/C-`ommuTchations Systems AN/TSQ-47, Radio Corpora-
tion of America, Burlington, Massachusetts, September 1962.

594, Ulmer, R. G, Eckenrode, R. T. and Whittemnore, D, L. Action Team
Operations During Detection of Deviations Possibly Requiring an AF
Response, (U). Memorandum 61-1- 6, Dunlap and Associates, Inc.
Darmen, Connecticut, February 1961.

595. Wolin, B. R. Final Report. Contr. AF 19(604)-2635, Repcoit No, E-26
AFCRC- TR-59-56, System Development Corporation, Santa Monica,
California, November 1959.
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